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INTRODUCTION 

This report covers a history of the development and use of the Lawn Lake 

Reservoir Dam and the details of the State Engineer's investigation of the 

cause of the failure which occurred on July 15, 1982. 

Lawn Lake Dam was a 24-foot high structure with a capacity of about 817 

acre-feet of water, located ~n Rocky Mountain National Park, ~n Section 25, 

Township 6 North, Range 74 West, Sixth Principal Meridian. The site is on the 

Roaring River, tributary to the Fall River, ten miles upstream from Estes Park 

~_ n Larimer County. The site is at an elevation of approximately 11,000 feet 

~n a subalpine (Spruce-Fir) zone about 100 feet below timberline. The area is 

underlain by Precambrian igneous, plutonic and metamorphic bedrock that hold 

up steep slopes and produce thin, immature soils. The region was intensely 

glaciated during the Pleistocene leaving behind typical alpine glacial land­

forms and materials including deposits of till and glaciofluvial sediments. 

The original Lawn Lake was created by a recessional moraine. 

The investigation was conducted, under the direction of the State Engi­

neer, by the Dam Safety Branch of the Division of Water Resources with the 

assistance of the Geotechnical Unit and the \.[ater Supply Branch and with 

assistance by the Colorado Department of Highways, Dr. Wayne Charlie of Colo­

rado State University, and Ralph Mangone, a metallurgical expert. 

The members of the Dam Safety Branch, the Geotechnical Unit, and the Water 

Supply Branch, who contributed to the investigation and analytical tasks were 

Alan Pearson, Chief, Darn Safety Branch, Steve Spann, Supervising Water Re­

source Engineer, John Van Sciver, Senior Water Resource Engineer, Jim 

Norfleet, Senior Water Resource Engineer, Louis DeGrave, Senior Water Resource 
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Engineer, George Van Slyke, Supervising Water Resource Geologist, George 

Moravec, Senior Water Resource Geologist, Alan Berryman, Senior Water Resource 

Engineer, and Larry Dezman, Senior Water Resource Engineer. The members of 

the Department 0 f Highways ,,,ho conducted the geotechnical work were Frank 

Abel, Ken Geisert, Keith Berry, George Pavlik, and Steve Bignal. The State 

Engineer appreciates the significant contributions made by these persons to 

the investigations. 

Whenever a failure or incident at a dam occurs, both the professional and 

private community seek to find an answer or a reason for the failure. The 

former are interested in learning from the event to prevent future occur­

rences, and the others for various reasons, including liability for the 

failure. Colorado law places sole liability for damages due to dam failure on 

the dam owner, regardless of the cause; however, the State Engineer's duty ~s 

to determine, if possible, the cause of failure in order to mitigate future 

events. 

Investigation of the incident began immediately upon receipt of notice of 

the failure. The problem of access was a major problem during the investiga­

tion since there are no roads to the dam and the National Park Service prohi­

bits vehicular access. The most practical means of getting to the dam with 

manpower and equipment is by helicopter. Coordination and dissemination of 

information among the several agencies investigating the failure was provided 

by the FEMA, Region VIII office, which proved to be very helpful in our inves­

tigation. 

Several on-site investigations took place based on the findings of the 

initial inspection made on the day of failure. The investigations were 

prompted by various pieces 0 f evidence and informat ion that surfaced as the 

-3­



investigation continued. The investigations, evidence, and information will 

be covered 1n this report. Knowledge of the history and performance of the 

dam 1S an important part of understanding the causes for failure of the dam. 

The first part of this report includes a description of the dam and reser­

voir's development and use. The investigation, as well as the analysis con­

ducted, will be described and a hypothesis for failure formulated from the 

findings. 

A difficult problem 1n the investigation of this dam failure 1S the 

absence of eyewitness accounts. Al though persons reported hearing sounds 1n 

the night, there was no visible distress to the dam as recent as a day ~efore 

the failure, and the deficiency that caused the failure became obliterated by 

the failure itself. 

This report is written 1n a narrative form 1n order to minimize the number 

of pictures and diagrams that would need to be designed for rep'roduction. 

References are made to the bibliography where the studies, reports, maps, and 

pictures are contained. These are located in the State Engineer's files. 

-4­

HIS1 

1902 - 1931 Construction of the Dam an' 

In June of 1902, the stock holder 

Reservoir Company (FIDRC) elected to c 

cut to draw off 12 feet of water from 

struct a dam to impound a total of 24 f 

19021*map and statement on June 30 , 

the existing lake to be 16.4 acres 1n 

high to the spillway, creating a reser 

and 810.6 acre-feet of usable storage 

plans with the State Engineer which we 

The desigu engineer was Mr. E. C. McAr 

neer designated the plans and specifi 

the company filed for a permit from t 

right 0 f way for the dam and reservo 

lake to be 14.4 acres in area, and the 

42.6 acres in area and having 498 ac 

The reservoir was ultimately decreed i 

for a capacity of 759.6 acre-feet, incl 

During this period (1902-1903), t 

construct a wagon road to Lawn Lake fro 

make a cut to draw off 12 feet of wate1 

make the cut two feet deeper. This was 

* 	 Superscripts refer to references 1n 
report. 



lVestigations, evidence, and information will 

illedge of the history and performance of the 

!rstanding the causes for failure of the dam. 

.ncludes a description of the dam and reser­

investigation, as well as the analysis con-

hypothesis for failure formulated from the 

investigation of this dam failure is the 

Al though persons reported hearing sounds l.n 

istress to the dam as recent as a day ?efore 

:hat caused the failure became obliterated by 

~rrative form in order to minimize the number 

)uld need to be designed for rep·roduction. 

graphy where the studies, reports, maps, and 

located in the State Engineer's files. 

-4­

HISTORY 

1902 - 1931 Construction of the Dam and Enlargements 

In June of 1902, the stock holders of the Farmers Irrigation Ditch and 

Reservoir Company (FIDRC) elected to complete the Lawn Reservoir by making a 

cut to draw off 12 feet of water from the existing mountain lake, and to con­

struct a dam to impound a total of 24 feet of water. The company duly filed a 

map and statement on June 30, 1902 1* in the State Engineer's Office showing 

the existing lake to be 16.4 acres in surface area and the dam to be 24 feet 

high to the spillway, creating a reservoir having 47.1 acres of surface area 

and 810.6 acre-feet of usable storage. The company also filed construction 

plans ~... it,", the State Engineer \Jhich were approved by him on August 19, 1902. 

The desiga engineer was Mr. E. C. McAnelly of Fort Collins. The State Engi­

neer designated the plans and specifications as OC-393 • The fo llowi ng year 

the company filed for a permit from the United States Land Office to obtain 

. 24right of way for the dam and reserVOl.r This filing showed the existing 

lake to be 14.4 acres in area, and the dam 19.4 feet high creating a reservoir 

42.6 acres in area and having 498 acre-feet of usable storage (BLM 89583). 

The reservoir was ultimately decreed in the District Court for Larimer County 

for a capacity of 759.6 acre-feet, including a refil12. 

During this period (1902-1903), the company engaged Mr. Hugh Ramsey to 

construct a wagon road to Lawn Lake from Fall River in Horseshoe Park, and to 

make a cut to draw off 12 feet of water from the lake. He subsequently bid to 

make the cut two feet deeper. This was confirmed by Mr. T. W. Jaycox's letter 

* 	 Superscripts refer to references in the Bibliography at the back of this 
report. 
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report from his on-site inspection on September 9th and 10th, 19035• Mr. 

Ramsey was hired to haul the outlet pipe and headgate to the dam, and to 

install the outlet pipe, excluding construction of the access well. 

A record of an agreement to construct the outlet ditch specified that it 

shall '~e~in 150 feet below the reservoir and then northwest to about 300 feet 

into the reservoir ••• 11. The ditch and pipe, however, '",ere constructed on a 

bearing nearly due west as surveyed by the United States Geological Survey 

after the failure, which made it more perpendicular to the dam. 

The greatest detail on the construction of the dam is contained ~n Mr. T. 

W. Jaycox's letter report dated September 22, 19035• He does state, how­

ever, that the pipe and valve were in place, the concrete foundation and sides 

were completed, and the lead poured around the pipe before his inspection. A 

copy of his letter report is in Appendix D. 

The notable statements in his report relate to the amount of pipe 

installed upstream and downstream of the valve; the valve r!!sts on a stone 

foundation; the pipe was leaded into the valve using hot lead, and caulked; 

and the loose rock fill had a slope of 1:1 (on the downstream side) and a top 

width of five feet. 

The remainder of the construction and enlargement details are sketchy with 

only occasional statements in the minutes of the company I s annual meetings. 

From these minutes, from correspondence in the National Park Service 

f Ol 24 32 33o 

~ es , and data shown on several capac~ty surveys ' , it appears that 

the height of the dam was 20.35 feet to the spillway, with a reservoir capa­

32city of 611.96 acre-feet in September 1907 • An enlargement of the dam to 

24 feet at the spillway and the reservoir to 817.18 acre-feet took place on 

September 23 , 193133. There are no records of these enlargements being 
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1/ ~V y 

report from his on-site inspection on September 9th and 10th, 1903 5• Mr. 

Ramsey was hired to haul the outlet pipe and headgate to the dam, and to 

install the outlet pipe, excluding construction of the access well. 

A record of an agreement to construct the outlet ditch specified that it 

shall '~e~in 150 feet below the reservoir and then northwest to about 300 feet 

into the reservoir ••• If. The ditch and pipe, however, ' .. ere constructed on a 

bearing nearly due west as surveyed by the United States Geological Survey 

after the failure, which made it more perpendicular to the dam. 

The greatest detail on the construction of the dam is contained in Mr. T. 

W. Jaycox's letter report dated September 22, 1903 5• He does state, how­

ever, that the pipe and valve were in place, the concrete foundation and sides 

were completed, and the lead poured around the pipe before his inspection. A 

copy of his letter report is in Appendix D. 

The notable statements in his report relate to the amount of pipe 

installed upstream and downstream of the valve; the valve r~sts on a stone 

foundation; the pipe was leaded into the valve using hot lead, and caulked; 

and the loose rock fill had a slope of 1:1 (on the downstream side) and a top 

width of five feet. 

The remainder of the construction and enlargement details are sketchy with 

only occasional statements in the minutes of the company I s annual meetings. 

From these minutes, from correspondence in the National Park Service 

files 24 , and data shown on several capacity surveys32,33 it appears that 

the height of the dam was 20.35 feet to the spillway, with a reservoir capa­

32city of 611.96 acre-feet in September 1907 • An enlargement of the dam to 

24 feet at the spillway and the reservoir to 817 .18 acre-feet took place on 

33September 23, 1931 • There are no records of these enlargements being 

approved by the State Engineer. Surveys by the National Park Service in 

October of 1959 indicate the dam was 24.4 feet high at the spillway, and 27.9 

feet to the crest of the dam. The following table summarizes the several 

referenced data: 

TABLE 1 

Height of Dam 
in feet 

Res. 
area 

Surface 
in acres 

Res. Capacity 
in acre-feet 

Reference Date (to spillway) Low HWL Low HWL 

Water Filing 91 
Decree 
Water Filing 98 
BLM ;';89583 
Capacity Survey 
Decree 
Capacity Rurvey 
NPS Survey 

1/23/02 
6/10/01 
6/30/02 
5/14/03 
9/--/07 
8/01/31 
9/23/31 

10/23/59 

(24.0) 
24.0 
19.4 
20.35 

Refill 
24.0 
24.4 

(16.4) 
16.4 
14.4 

(47.1) 
47.1 
42.6 
45.29 

49.4 
49.5 

803.5 
059.6) 
810.6 
498.0 
611. 96 

059.6) 
817.18 

It should be noted that the spillway had only 3.5 feet of freeboard in 

1959, according to the National Park. Service survey, whereas the State Engi­

neer's orders in 1951 5, and Mr. Spreng's accounting of the work he did in 

195421 ,28, should have provided six feet of freeboard. 

The plans OC-39, which were approved bJ the State Engineer I were not 

followed, for the completed dam resembles the plan in concept only. Except 

for the outlet works, the records indicate the dam was constructed by the 

company's own forces, under the direction of the President of the Board of 

Directors. 

1951 - 1955 Repairs and Alterations of the Dam and Spillway 

In 19~1, due to an inspection and report by Special Deputy State Engineer, 

Clark Schnurr, State Engineer Hinderlider directed that the bottom width of 
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the spillway be increased to 30 feet; the downstream slope of the dam be 

increased from 11/2:1 to 2:1, the dam height increased to provide at least 

six feet of freeboard for the spillway, and other actions be performed related 

5
to keepin6 the spillway clear of obstructions . This directive was modified 

the same year, however, to lowering the spillway at least two feet to provide 

s~x feet of spillway freeboard, and to increase the bottom width to 30 feet 5 . 

The details of the work during this period are based on a telephone con­

versation21 and an interview with Mr. Edward Spreng of Johnstown, Colo­

28
rado . As a young man, Mr. Spreng and the company's ditch superintendent, 

Mr. Tim Wright, during the months of September and October, 1954, worked on 

the dam and outlet. The two of them, with the aid of horses and slip, hand 

tools, and logistical support from the president of the board of directors, 

Tom McKee, excavated the spillway, removed timber from the reservoir, and 

repaired the outlet gate. 

It does not appear that the spillway was lo~vered materially, but was 

widened to about 30 feet in 1954. If the spillway was lmvered two feet, the 

usable capacity of the reservoir would have been approximately 721 acre-feet 

33according to the capacity survey made in 1931 (CS-5U • Storage records 

maintained by the Division Engineer show the gage as 24 feet, and the capacity 

as 824 acre-feet (later changed to 817 acre-feet) for the period 1954 to 1974, 

the length of the record. 

Mr. Spreng's account 0 f the ,york done to the out let provides an explana­

tion of the configuration of the outlet "dry well" at the time of failure. As 

Mr. Spreng describes it, "Mr. McKee ,vanted Tim and me to see if we could 

discover why the outlet gate wasn I t working properly". They began to dig 

around the operating stem, which stuck up through the embankment fill at the 
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crest of the dam (there was no well per plans and specifications OC-39). 

After digging a hole around the stem as far as they could, and not finding any 

problem, they returned to Loveland to relate the situation to Mr. McKee. They 

returned the follo~.;ring week, and with the aid of Mr. McKee, who had timber 

transported to the dam by horse, shored the excavation and completed a 4x4 

foot well down to the valve bonnet. Mr. Spreng related how the digging was 

relatively easy and they had no water problems. (Storage records show the 

reservoir empty for two seasons prior to the excavation). He removed the 

bonnet from the valve and found the screw on which the gate leaf moved was 

stripped. The screw was removed, taken to Loveland for repair, and r'e~n-

stalled. 

A 30-inch diameter corrugated metal pipe (CMP) was transported to the site 

~n pieces by horses, and reassembled using an acytelene torch. It was placed 

inside the cribbed excavation, the bottom being level with the bottom of the 

bonnet. The excavation was then backfilled with earth to the bottom of the 

nut on the top of the bonnet. The cribbing was removed and the outside of the 

CMF backfilled to the crest of the dam. On January 8, 1955, the ditch super­

intendent reported to the Board of Directors that conditions at Lawn Lake were 

in good shape. 

1982 Post-Failure Surveys 

The United States Geological Survey's field investigations after the fail ­

ure show that the dam's crest was eight to ten feet wide, sloping towards the 

reservo~r. the height from the invert of the entrance to the outlet to the 

crest of the spilll-lay was approximately 24 feet, the upstream slope varied 

from 1.25 to 1.67:1, the downstream slope averaged 1.25:1, the spillway was 25 
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34to 30 feet wide, and had a m1n1mum freeboard 0 f about three feet . The 

United States Geological Survey is preparing a capacity survey map, which was 

not available at the writing of this report. 

The preceding establishes the history of construction and alteration of 

the dam as can reasonably be determined. 
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EVENTS IMMEDIATELY PRIOR TO FAILURE 

According to Henry Schmidt, ditch superintendent for the company, the 

reservolr was filled during the 1978 irrigation season, remained full through 

1979, and was drained in the Fall of 1980. The reservoir remained empty dur­

ing the 1981 season, and began to fill during the 1982 season. On September 

21, 1980, the gate was closed an amount equal to one-half of the previous 

opening on Augus t 14, 1980. No adjustments were made in 1981. On July 8, 

1982, Mr. Schmidt and two other men went to the dam to close the valve. One 

of the men descended the well to oil the operating nut and reported that the 

well was dry. Mr. Schmidt said there was no sign or sound of running water. 

He also went to the discharge end of the outlet and observed that a small 

amount of water was still running. He attributed this to something being 

stuck in the gate leaf, preventing total closure. There is an eyewi tness 

report in the NPS file about the men "cussing" the operation of the ·"alve. 

(See Appendix E) 

He spoke of, and had photographed, the snow cover below the dam as well as 

the drainage area. He remembered that the gage rod in the reservoir was 

damagEd but that the reservoir was 2 to 2.5 feet below the high water line as 

observed on a large rock on the dam. He estimated the reserVOlr was 

two-thirds full, about 450 acre-feet. (Note: Capacity Survey 51 indicates 

that 450 acre-feet is equivalent to about gage 16, which would be eight feet 

belm" the spillway, two feet below the spillway at gage 22 is equivalent to 

721 acre-feet). He left the dam feeling everything was in good shape. 

In spite of several people having been on or near the dam, as recently as 

the day before the failure, no one observed anything which would have aroused 
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. .. 25
thelr SUsplClons The only unusual event spoken of by the visitors camped 

near the dam were sounds described as wind, or a distant waterfall, during the 

morning of July 15, 1982 from about 2:00 a.m. to 4:00 a.m. They were awakened 

in the night and were conc ious 0 f the sound. One wondered why the tent was 

not flapping from such a strong wind. Another camper was fishing l.n the 

spillway until about 8:45 p.m., July 14, and related that the wind was causing 

two foot high waves, and water was running over the spillway. He felt the dam 

was okay. Another camper relates discussing the noise with fellow campers 

about 9: 30 p.m. on July 14th, and waking up periodically during the night 

noting that the noise had increased. Several campers who were located down­

stream from the dam, related how they were awakened about 6 :00 a.m. on July 

15th by l)ud thundering noises. When they looked to see what was happening, 

they saw 25 to 30 foot waves of muddy water carrying trees and rocks down the 

stream valley. (See Appendix E). 
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DESCRIPTION OF FAILURE AND DAMAGES 

The first indication that something unusual was occurring in Horseshoe 

Park was reported by an A-l Trash Service employee who was enroute to pick up 

trash 1n the Endovalley area 24 ,38 He arrived at the Lawn Lake Trai 1 head 

about 6:18 a.m., July 15,1982, and heard a deafening noise and saw dirt 1n 

the air. At first, he thought a plane was crashing, but when he traveled up 

the road to investigate, he observed flooding and debris in the Roaring 

River. He then looked up the drainage and saw trees and rocks being thrown 

into the air. He quickly went to the trail head emergency phone and called 

the National Park Service dispatcher who received the call at 6:22 a.m. Park 

Rangers responded to the situation and notified the Estes Park Police Depart­

ment at 6:43 a.m. (See Appendix E for copies of statements obtained by the 

National Park Service from witnesses.) 

Estimates of the peak discharge from the dam breach as determined by the 

United States Geological Survey "dam break" investigation at Lawn Lake Dam, 

are about 20,000 cfs, reducing to about 7700 cfs at Cascade Reservoir 1n 

Horseshoe Park, and 5400 c fs at Lake Olympus 37 • The Cascade Reservo ir, 

owned by the City of Estes Park, in Horseshoe Park began to overtop about 7:15 

a.m. and failed at 7 :42 a.m., sending an intermediate surge of about 14,000 

cfs 	down the Fall River. The head of the flood entered Estes Park about 8:30 

38 a.m. The flooding washed away bridges, destroyed road systems, 1nun­

dated business and residences, destroyed a hydroelectric plant, fish hatchery, 

and caused three confirmed deaths. Damages have been claimed to exceed 

35
$31,000,000 • 
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The Governor declared a state-of-emerg ency on July 15, and requested a 

Presidential declaration for Larimer County, which was made on July 2 2 , allow­

. b . 35lng numerous recovery programs to egln 
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INVESTIGATION OF THE FAILURE 

Field 	Investigations 

As a result of the initial inspection of the failure on July 15, it was 

concluded from physical evidence that the dam could not have failed due to 

overtopping, but could have failed by piping due to several possible causes, 

or from embankment instability. Further investigation and analyses were 

7
recommended by staff members • 

A sec.)nd investigation trip was planned and completed on July 22, 1982 

where geotechnical and geologic information were gathered from the dam and 

foundation, the extent of rodent activity was investigated, the remains of the 

out let works were examined, the spillway was surveyed for further hydraul ic 

· 	 d f h .ana 1YS1.S, an . sur ace and'a1.r p otography were obta1.ned 11,13extenS1.ve 	 . 

The soil samples obtained were transported to the Colorado Department of 

Highways' Staff Materials Laboratory for standard soil property testing, 

permeability, and triaxial shear strength determinations. The data gathered 

were analyzed and recorded in several memoranda/reports by the several engi­

. 	 .. 11,15,29,34,36
neers and geologists taking part in the l.nvest1.gat1.on These 

data were used to develop a model of the dam for stability analysis. The 

reports on these investigations are contained in Appendices A, B, and C. 

After examining the remains of the outlet works, the possibility that the 

gate-valve failed due to cracking because of rocks being jammed between the 

gate leaf and the seat was raised. In order to pursue this possibility, Mr. 

Ralph Mangone, an expert metallurgist, examined the pictures of the valve to 

determine if there was any reason to believe that the valve failed because of 

the rocks being jammed in the gate leaf. Mr. Mangone concluded that the 
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breaks were fresh and probably caused by impact during the failure. Subse­

quent investigation of the valve on September 2, 1982 did not reveal any 

additional evidence that the valve was cracked before the failure. 

Shortly after consulting with Mr. Mangone, it was revealed that a piece of 

lead caulking was found at the site. After obtaining this evidence, it was 

decided to retrieve more of the lead caulking Sl.nce it appeared that the 

condition of the caulking was instrumental l.n understanding the possible 

reason for failure. A third inspection trip was planned and completed on 

September 2, 1982, which resulted in the finding of a significant amount of 

the lead ~a~lking and other metal parts of the outlet works. The remains of 

the outlet were also examined more closely and photographed to assist in the 

. . f . 17 20 23l.nterpretatl.on 0 the eVl.dence ' , • 
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POSSIBLE CAUSES OF FAILURE 

Following is a brief description of possible causes of failure and the 

conclusions reached. 

overtopping 

It was concluded from the first investigation on July 15, 1982, that 

overtopping was not a reason for failure. The high water line -in the reser­

voir was found to be about three feet below the crest of the dam7. This was 

corroborated by the findings of the United States Geological Survey from their 

surveys of the dam and reservoir34 

The National Weather Service provided meteorological information in the 

vicinity of Estes Park, and it is concluded that weather was not a factor in 

the failure. Rainfall during the period from July 10-15, 1982 totaled 0.11 

inch at Estes Park, and no large rainfall amounts were received in the area 

during this period. Precipitation at Estes Park from October 1, 1981 through 

June 1982 totaled 10.88 inches, which was 1.06 inches above normal for the 

period. Snowpack for the winter of 1981-82 in the mountains surrounding Estes 

Park was approximately 125 percent of normal. 

Rodent Damage 

Marmot: burrows are located in the crest of the remaining dam and down­

stream slope, as well as in the sides of the spillway banks downstream from 

the control section. They are also located throughout the immediate area of 

11
the dam. No burrows were observed on the upstream slope of the dam • 
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Each burrow found on the remaining portion of the dam was excavated to 

determine its extent. The maximum distance of any of the burrows was three 

feet below the crest of the dam, and the maximum length was about four feet. 

None of the burrows extended below what would be considered the phreatic 

surface of the dam. There is no reason to believe that the dam's interior was 

extensively burrowed to cause the failure of the dam, although it cannot be 

totally ruled out, sLnce a major section of the dam was washed away during the 

failure which may have contained the critical burrowing activity. The inspec­

tions and photographs made in prior years, however, do not indicate that there 

was abnormal rod~rtt activity in the dam. It is concluded that rodent activity 

was probably not the cause of failure. 

Frost Penetration 

It wa3 speculated by Dr. Wayne Charlie of Colorado State University, who 

was a member of the second investigation team on July 22, 1982, that soil 

property changes induced by freeze-thaw cycles of the soils and/or ice lense 

development could be a possible cause of failure. He stated the soils in the 

dam were frost susceptible and that the conditions at the site due to climate, 

frost penetration Ln excess of ten feet, and melting of snow, could have 

15
affec ted the strength and permeability of the dam • Although these condi­

tions are evident, it doesn't explain why the conditions, which existed during 

the aO-year life of the dam, became critical this year. It could be assumed 

that the strengths and permeabilities found during the investigation reflect 

the changed soil property characteristics and were included in the stability 

analysis. No Lce lenses or frozen ground were found during the investigation, 

however, they could have thawed prior to the failure, particularly if they 
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were a causitive factor. Investigation of this cause was limited due to 

resources and expertise in the specialized area. An expert on the subject of 

frozen soil would need to be engaged to conduct an analysis of the 

phenomenon. It is concluded, however, that the effects of frost penetration 

were reflected by the soil parameters used in the stability/permeability 

analysis. 

Earthquake 

Mr. Waverly Person of the United States Geological Survey's National 

Earthquake Information Center, was interviewed to see if any earthquake acti­

vity occurred in the vicinity of the dam at the time of the failure. He 

reported that no activity occurred during that time and, further, that no 

activity has ever heen measured in that area. 

Mr. Person said that the records were available at the center for review, 

and they were at a scale which could be analyzed for blasting activity if 

desired. 

Embankment Stability 

The details of the stability analyses are contained in references 14 and 

15 and Appendices A, B, and C. 

The initial analysis assumed that the embankment section through the 

outlet (maximum section) was undrained, similar to a homogeneous dam, which 

resulted in a factor of safety of less than one. This condition would cause 

an unstable slope and probable slip failure. It was conc luded from the evalu­

ation of the records of storage and the permeabilities obtained from the 

laboratory testing, however, that steady-state seepage must have existed at 
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the time of failure and the assumption of no drainage was not likely. Some 

type of drainage probably existed within the dam section which kept the seep­

age from reducing the strength of the materials to a state of stress which 

would cause the materials to fail under normal conditions. Some other abnor­

mal condition existed which caused the failure. 

Lead Caulked Seal Between the Gate Valve and Outlet Pipe 

During the investigation, it was learned that a piece of lead was found at 

the dam17. Lead caulk was used to form the seal between the outlet pipe and 

the gate valveS. This was contrary to the plans and specifications, OC-39, 

which required that the valve be encased in "concrete for three feet above the 

pipe and two feet below the pipe and one foot thick". 4 No evidence of any 

concrete around the gate valve was found during the investigation. 

Examination of the piece of lead indicated it was in poor condition, being 

corroded and deteriorated to the point it would make a poor water tight 

seal20 • This evidence prompted a third trip to the dam on September 2, 1982 

with a metal detector, with the object of finding the rest of the lead caulk­

ing and other metal parts of the outlet, and close examination and photograph­

ing of the gate valve and outlet pipe23 

About 144 inches of lead caulking were found and the locations plotted on 

a map, as well as photographed. The lead caulking was brought to Denver for 

further examination and is in the State Engineer's possession. These add i­

tional pieces of lead are also in poor condition and of differential thick­

nesses. The ends of the pieces are deformed in some cases and have cold 

joints in others. The thicknesses of the lead found would also be inadequate 

to fill the annular space between the pipe and valve flange, according to 

f' ld23measurements made . the ~e •~n 

-20­

Examination of the valve revealed that there were signs of leakage from 

the joint between the flange and the pipe located at the top, due to the 

presence of tuberculated orange-colored stain similar to the upstream face of 

the gate leaf and other parts of the outlet which were exposed to the water. 

This is in contrast to the blackened surfaces of the rest of the upstream 

flange, where the lead caulking was in contact with it. 

Outlet Pipe Bedding 

In order to determine the condition of the bedding of the remaining outlet 

pipe, and if there is any evidence that a void existed under it, the outflow 

from the reservoir should be diverted and the pipe carefully excavated and 

examined. 

• 

-21­



" P' 

the time of failure and the assumption of no drainage was not likely. Some 

type of drainage probably existed within the dam section which kept the seep­

age from reducing the strength of the materials to a state of stress which 

would cause the materials to fail under normal conditions. Some other abnor­

mal condition existed which caused the failure. 

Lead Caulked Seal Between the Gate Valve and Outlet Pipe 

During the investigation, it was learned that a piece of lead was found at 

the daml7. Lead caulk was used to form the seal between the outlet pipe and 

the gate valveS. This was contrary to the plans and specifications, OC-39, 

which required that the valve be encased in "concrete for three feet above the 

pipe and two feet below the pipe and one foot thick". 4 
No evidence of any 

concrete around the gate valve was found during the investigation. 

Examination of the piece of lead indicated it was in poor condition, being 

corroded and deteriorated to the point it would make a poor water tight 

20
sea1 • This evidence prompted a third trip to the dam on September 2, 1982 

with a metal detector, with the object of finding the rest of the lead caulk­

ing and other metal parts of the outlet, and close examination and photograph­

ing of the gate valve and outlet pipe23 

About 144 inches of lead caulking were found and the locations plotted on 

a map, as well as photographed. The lead caulking was brought to Denver for 

further examination and is in the State Engineer's possession. These addi­

tional pieces of lead are also in poor condition and of differential thick­

nesses. The ends of the pieces are deformed in some cases and have cold 

joints in others. The thicknesses of the lead found would also be inadequate 

to fill the annular space between the pipe and valve flange, according to 

measurements made in the field 23 • 

-20­

\V 

Examination of the valve revealed that there were signs of leakage from 

the joint between the flange and the pipe located at the top, due to the 

presence of tuberculated orange-colored stain similar to the upstream face of 

the gate leaf and other parts of the outlet which were exposed to the water. 

This is in contrast to the blackened surfaces of the rest of the upstream 

flange, where the lead caulking was in contact with it. 

Outlet Pipe Bedding 

In order to determine the condition of the bedding of the remaining outlet 

pipe, and if there is any evidence that a void existed under it, the outflow 

from the reservoir should be diverted and the pipe carefully excavated and 

examined. 

• 

-21­



I 

' 

MODE 	 OF FAILURE 


The following description of the manner ~n which the embankment was 

breached is hypothesized from the remains of the dam, and the location of the 

evidence found during the investigation. The facts that were observed are: 

1. 	 The breach occurred at the maximum section of the dam where 


the outlet works were located. The dimensions of the breach 


are about 27 feet deep, the top width ~s 91.5 feet, and the 


bottom width is 58 feet. 


2. 	 There were discernible sounds heard by nearby campers ~n the 


night and early morning hours that sounded like strong 


wj.nds, or a distant water fall. These were heard as early 


as 9:30 p.m. on July 14th, and from 2:00 a.m. to 4:00 a.m. 


on July 15th. A wall of water was cascading down the Roar­


ing River at 6:00 a.m. on July 15th. (See Appe~dix E) 


3. 	 There are sand plumes on the natural ground (moraine) on 


~ach side of the scoured streambed below the dam. 


4. 	 The corrugated metal pipe that was installed as the dry well 


for the operating stem ~n 1954 was found on the natural 


ground downstream from the dam. The top 15 1/2 feet was 


intact, the bottom 7-8 feet is missing. The hinged hatch 


cover is missing. 


5. 	 The valve stem, which was attached to the operating nut on 


the valve by gravity, has a nearly 90 degree bend at the 


luwer end, just above the socket. It was found about 100 


feet downstream from its origin. See reference 23. 
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MODE 	 OF FAILURE 
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6. 	 Parts of the downstream outlet pipe were found downstream 


from the dam in a battered and broken condition. Several 


feet of the outlet were not found. The pieces found were 


scattered from the dam to about one mile downstream. 


7. 	 The gate valve and several 0 f the broken pieces were found 


within 200 feet from their original location in a line with 


the axis of the outlet pipe. They were found on the bedrock 


surface which was scoured clean by the large flows during 


the full breach. 


8. 	 The lead caulking for the gate valve was found within fifty 


feet of its original location on the bedrock surface. 


9. 	 The geotechnical investigations and stability analyses indi­


cate that the state of stress in the dam was near failure 


condition. 


These facts indicate that the dam failure probably began as a small hole 

or void caused by piping at the level of the outlet conduit. As the hole was 

enlarged by the internal erosion of the embankment materials from the escaping 

water, the increased flows exceeded the capacity of the outlet channel, spread­

ing out over the moraine below the dam. The materials being eroded were 

deposited along the fringes of the flow, subsequently being partially removed 

as the larger flows began to scour the moraine upon which they were deposited. 

The reservoir must have been discharging through the hole for many hours, 

and at a sufficiently large rate to be heard during the night by the campers 

at the site. The hole enlarged sufficiently around 5:00 a.m. to 5:30 a.m. to 

cause the overlying material to collapse into the hole and flowing '.vater, 

resulting in the total breach of the dam. The outflow increased to its 
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FINDINGS 

maximum amount very quickly, carrying the corrugated metal dry well downstream 

on its crest and depositing it in the brush on the left side of the flooded 

area where it escaped being dislodged during the scouring by the rest of the 

outflow. The toppling of the corrugated metal dry well bent the operating 

stem over, but did not dislodge it from the valve. The erosive force of the 

waters gradually eroded the foundation of the downstream portion of the outlet 

pipe and dislodged it from its place. It is not certain whether the pipe was 

removed ~n pieces or ~n one piece ultimately becoming broken and scattered 

downstream. With its downstream support removed, the valve was dislodged from 

i rs co:' n'?I".tion to the upst:!:e ~m portion of the outlet pipe, the lead caulking 

being deposited within 50 feet of its origin, probably due to its small size 

and heavy weight, and the gate valve transported over the bedrock s urface to 

its resting place. It appears that the valve housing was hit by a large 

boulder, at its resting place, which knocked the large piece of the lower 

right hand quadrant off the valve and washed it further downstream23 . 

It does not appear, by the evidence found, that a massive slope failure 

occurred as the primary cause of the breach of the dam resulting in the ero­

s~on of the dam from the top down. This conclusion is based on the existence 

of the sand plumes, which indicate that the initial failure was gradual with 

the sand being depos ited on the existing morainal surfaces by lesser flows 

before the total breach flows began, scouring the moraine down to bedrock. 
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FINDINGS AND CONCLUSIONS 

Findings 

The evidence found in this investigation leads to the conclusion that the 

failure was caused by the deflection and/or deterioration of the lead caulking 

at the connection between the outlet pipe and the gate-valve, resulting in a 

situation which increased the potential for piping of dam material and/or 

affected the pore pressure distribution in the embankment, which could reduce 

the strength of the materials in the dam to a state of stress which could 

cause a portion of the slope of the dam to slough. 

Piping is the backward erosion of earthen materials due to the velocity of 

the leaking water being sufficient to dislodge the individual soil particles 

from their matrix and transporting them from the dam. A hole is developed 

from the dO\o1nstream exit point back towards the source of leakage. A path for 

the concentration of the leakage sometimes exists due to improper backfilling 

and resulting voids along an outlet cpnduit. 

A credible explanation for the situation to develop into a failure after 

nearly 80 years of use is based on the leakage not becoming pressurized unless 

the gate was in some stage 0 f total, or nearly total, closure and the reser­

voir close to full or having sufficient potential energy to influence the 

leakage from the joint. 

Storage records for the reservoir for the periods from 1938 to 1973 and 

from 1978 to 1981 are available, but not the discharge records. During the 

early years, the reservoir was operated on a fill during the runoff and empty 

in the fall basis, but, during the period from 1960 through 1973, the reser­

voir was full during all the months of the year. Unfortunately, it is not 
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possible to determine whether the gate was totally or partially closed during 

these periods. It was assumed it was closed sufficiently to maintain the 

level of the reservoir at the spillway. 

Another reason for the progressive nature of the deterioration would be 

the slow deterioration of the lead caulking itself during the periods of high 

pressure leakage. In accordance with Mr. Mangone's consultation, the lead 

could erode due to high pressure leakage. 

Discussion 

Whe~her or not the leakage from the valve connection had a path or void to 

flow through, would determine how it affected the dam. 

If there were no void, the pressure from the leak could create a local 

"bulge" ~n the steady-state phreatic condition within the dam. This could 

cause a slough in the downstream slope which would expose the seepage from the 

reservo~r within the dam (steady-state phreatic condition). The seepage 

within the dam has a higher potential energy, and could cause the dam mate­

rials to be washed from their place. This condit ion, and the leaking water 

from the deteriorated seal, could readily erode a hole back to the valve. 

With a flow path existing from the downstream face of the dam back to the 

valve, the potential energy existing within the dam under steady-state seepage 

could be sufficient to pipe the easily erodible materials of the dam lengthen­

ing the piping path to the upstream face of the reservoir. Once the void was 

through the dam, it would only be a matter of time before a total breach would 

occur due to the water flowing through the hole. 

If th~re were a void, even of a small size, existing along the pipe, the 

leakage would have followed this path of least resistance. The possibility of 
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a void existing beneath or along an outlet is great, unless care is taken 

during backfilling of an outlet. Hodern practice requires the use 0 f shaped 

beddings, and sometimes fresh concrete placed under and around the pipe to 

assure a ryositive cutoff. Cut-off collars are also placed around outlet pipes 

to increase the seepage path length along the pipe. In the case 0 f Lawn 

Lake's outlet, the cut-off collars were not constructed, and the outlet pipe 

was bedded and nearly backfilled before the State Engineer's representative 

inspected it in 1903. In addition, the valve and pipe were not encased in 

concrete as specified by the englneer. Finally, according to our investiga­

tion, it appears that the source of the materials for the backfilling of the 

outlet pipe were the finer glacial materials from the surface of the moraine 

to the left 0 f the out let ditch. Investigations showed that these materials 

were nonplastic and would offer little resistance to erosion. Res istance to 

piping, however, may have been improved by the addition of the cement to the 

fill as described in T. W. Jaycox's reportS 

The rockfill on the downstream slope, which existed at the outlet section, 

the rocky nature of the channel, and flows from the outlet pipe itself could 

conceal any piping condition occurring along the outlet. The fine material 

may have collected in the rockfill itself as it was piped from the embank­

ment. Again, once a significant flo\., path was piped back to the valve, the 

potential energy within the embankment could readily pipe a hole to the 

upstream slope of the dam. 

A couple of items that relate to the condition of the outlet are noted. 

One is a reference in the June 22, 1906 minutes of the company's annual meet­

109 by its ditch superintendent of a "cave" that occurred where the reservoir 

discharges into the pipe, and the suggestion that the necessary stone and 
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cement work be done as soon as possible. The other is that the water in the 

reservoir during the investigation of July 22, 1982 was noted to be running 

through cracks l.n the concrete headwall at the entrance to the pipe. It is 
1. 	 Water filings, maps and state 

98, filed January 23 1902assumed that the concrete headwall existing today was constructed at the Office. 	 ' 

suggestion of the superintendent in 1906. 2. 	 Findings and decrees for the 
Ditch and Reservoir Company, 
No. 10077, District Court, Di~ 

Conclusions 3. Plan and cross-section of daT 
State Engineer, Addison J. McCIt is concluded that the failure occurred due to leakage under high pres­

4. Contract and specifications f.sure from the leaded connection of the outlet pipe and valve, causing progres­
(undated, unsigned), State Eng 

sl.ve piping of the dam embankment l.n the vicinity of the outlet pipe during 5. State Engineer I s corresponden 
22, 1903 to August 12, 1980 (eperiods of high reservoir levels and gate closure and sudden collapse of the 

6. State Engineer's Preliminaryembankment allowing rapid evacuation of the reservoir. 
Dam, 31 04 • 51. 

7. 	 Inspection Report, Lawn Lake, 
by Jim Norfleet and John Van 
Safety Branch (Failure Report). 

8. Office memo, Jim Norfleet, Div 
July 19, 1982. Telephone con' 
sion of Disaster Emergency SE 
July J.5, 1982. 

9. 	 Inspection of Outlet System ar 
S~nior Water Resource Engineer 
Sl.ty. 

10. 	Memo of meeting, Lawn Lake invE 
Sciver, Division of Water Resou 

11. Inspection Report, Lawn Lake, 0 
(exploration trench of downstre 
tigation of rodent activity, s 
Pearson and John Van Sciver 
Branch. 	 ' 

12. 	Office memo, John Van Sciver, 
Branch, July 22, 1982, telephc 
Water Resources Division, about 
July 21, 1982. 

13. 	 Scope of Lawn Lake Dam Failure 
1982, by Alan Pearson, Division 
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LAWN LAKE DAl1 
GEOLOGIC/GEOTECHNICAL NOTES 

APPENDIX A 

GENERAL 

On July 15, 1982, Lawn Lake Dam failed due to unknown causes. On July 
22, several members of the Dru~ Safety Branch inspected the dam in an 
attemet to determine the cause of failure. lie were taken to the site 
by helicopter. 

GEOLOGIC SETTING 

The dam is located on an old glacial moraine. The moraine material ap~ea! 
to be a maximum of 25 feet thick in the immediate vicinity of the dam 
and overlies pre-Cambrian igneous rocks. These igneous rocks range in 
composition from granite to diorite. They are fractured and jointed 
with a fracture spacing of about one foot. ~hree distinct joint sets 
are evident: (1) parallel to the dam axis, dipping about 450 down­
stream and 300 to 450 upstream; (2) normal to the dam axis, dipping 
700 to 80 0 toward the rignt (south) abutment; (3) at about 45 0 to the 
dam axis, dipping about 600 downstream (See sketch A-l and photos A-8 
and A-9). 

The granites appear relatively fresh with very little weathering. The 
rock is very hard and "rings" with a strong hammer blow. 

It appears that the glacial moraine originally formed a dam across a 
natural depression in the valley. 

OBSERVATIONS CONCERNING CONSTRUCTION 

In the early 1900's, the lake was enlarged and controlled outlet install ­
ed. Fill was placed on top of the natural moraine dam and an area ex­
cavated through the moraine for placement of the outlet pipe. The cut 
was filled with material of unknown composition (this material was washed 
out at the time of failure). An additional 7 to 9 feet of sandy fill 
was placed on top of the moraine. At this height (approximately 5 feet 
below the crest), a layer of organic material appears to cover the en­
tire dam. 

The origin of this organic material is unknown; however, it appears 
that this layer may be the result of the growth of grass on the surface 
of a dam approximately five feet less in height than the present dam. 
(See photo A-5) Due to the appearance of this organic layer, the .. shorteC 
dam must have existed for a considerable time before an additional 
five feet of fill was placed. 

OBSERVATIONS OF JULY 15, 1982 (Ref: Inspection Report dated July 15, 

1982) 


Geologic and Geotechnical Findings 


The right side of the breach was carefully examined for signs of weakneSS 
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which may have existed wit~in the emban~~ent. The following specific 

itemS were noted: 

An organic clay/silt seru~, 12 inches in thickness, was found running 
through the dam approximately five (5) feet below crest elevation. 
This organic seam was totally saturated and free water \iaS released 
when a sample was squeezed. Soil temperature was between 35 and 40 
degrees and the soil did display a slight degree of plasticity. 

A relatively clean sand lense was found running through the dam above 
the foundation, approximately 10 feet below crest elevation. This sand 
seam was totally saturated and the soil formed a "mud flown when agitat ­

ed by foot. 
-


A lense of peat was found running along the foundation of the dam 

approximately 12 feet below crest elevation. Tree roots were growing 


in this peat layer. 

For a description of other features observed, refer to inspection report 

by John VanSciver and JL~ Norfleet, dated July 15, 1982. 


OBSERVATIONS OF 7-22-82 

On the day of the inspection, both sides of the breach were logged, 

samples taken, the channel section around the outlet pi~e was inspec­

ted, and photographs (both air and ground) were taken. (See photos 


A-l through A-7) 

Logging of bota sides of the breach show very good correlation from side 
to side. Seven distinct layers are present on the right side and nine on 
the left. The two lowest layers on the left are not present on the right. 
These represent filling to bring the left side up to the approximate 
level of the right side. From that point u~, all layers are generally 
similar on both sides. Although there are variations within layers, 
they were easily divided into the gener~l classifications as shown in 

Figure A-l. 

Visual classification done at the site appears to be in general agree­
ment with laboratory results. Discrepancies seem to be due to individuals 
IIseeing" more fines and less gravel than the lab. 

The dam above ~~e moraine is composed entirely of silty and poorly graded 
sands with varying amounts of fines and gravel. Also, as noted in the 
logs, considerable amounts of organic material were found. Distinct 
color changes probably resulted from various borrow areas. (See photos 
A-l and A-5) Although there is some variation in material type within 
a layer, the environment from which they were taken was similar. Based 
on this, we estimate that there were between four and seven borrow areas. 
All the fill is in a semi-compact, friable state and is moist except 
layer seven which appears to be saturated. 

The channel of the breach has a number of large granitic bou.lders near 



LAlW LAKE DAH 
GEOLOGIC/GEOTECHNICAL NOTES 

APPENDIX I\. 

GENERAL 

On July 15, 1982, Lawn Lake Dam failed due to unknown causes. On July 
22, several members of the Dfu~ Safety Branch inspected the dam in an 
attempt to determine the cause of failure. We were taken to the site 
by helicopter. 

GEOLOGIC SETTING 

The dam. is located on an old glacial moraine. The moraine material api?ea, 
to be a maximum of 25 feet thick in the immediate vicinity of the dru~ 
and overlies pre-Cambrian igneous rocks. These igneous rocks range in 
composition from granite to diorite. They are fractured and jointed 
with a fracture spacing of about one foot. Three distinct joint sets 

450 are evident: (1) parallel to the dam axis, dipping about down­
stream and 300 to 450 upstream.; (2) normal to the dam axis, dipping 
700 to 80 0 toward the rignt (south) abutment; (3) at about 45 0 to the 
dam. axis, dipping about 600 downstream (See sketch A-l and photos A-8 
and A-9) . 

The granites appear relatively fresh with very little weathering. The 
rock is very hard and "rings" with a strong harruner blow. 

It appears that the glacial moraine originally formed a dam across a 
natural depression in the valley. 

OBSERVATIONS CONCERJ.'UNG CONSTRUCTION 

In the early 1900's, the lake was enlarged and controlled outlet install ­
ed. Fill was placed on top of the natural moraine dam. and an area ex­
cavated through the moraine for placement of the outlet pipe. The cut 
was filled with material of unknown composition (this material was washed 
out at the time of failure). An additional 7 to 9 feet of sandy fill 
was placed on top of the moraine. At this height (approximately 5 feet 
below the crest), a layer of organic material appears to cover the en­
tire dfu'Il. 

The origin of this organic material is unknown; however, it appears 
that this layer may be the result of the growth of grass on the surface 
of a dam. approximately five feet less in height than the present dam. 
(See photo A-5) Due to the appearance of this organic layer, the "shorter 

dam. must have existed for a considerable time before an additional 
five feet of fill was placed. 

OBSERVATIONS OF JULY 15, 1982 (Ref: Inspection Report dated July 15, 
1982) 

Geologic and Geotechnical Findings 

The right side of the breach was carefully examined for signs of weaknesS 
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wl1ich may have existed wi.t~!.in the embankment. The follm'ling specific 

itemS were noted: 

An organiC clay/silt seru~, 12 inches in thickness, was found running 
through the dam approximately five (5) feet below crest elevation. 
tl1is organic seam was totally saturated and free water was released 
wl1en a sample was squeezed. Soil temperature was between 35 and 40 
degrees and the soil did display a slight degree of plasticity. 

A relatively clean sand lense was found running through the dam above 

tl1e foundation, approximately 10 feet beloW crest elevation. This sand 

seam was totally saturated and the soil formed a "mud flow" when agitat ­

ed by foot. -


A lense of peat was found running along the foundation of the dam 

approximately 12 feet beloW crest elevation. Tree roots were growing 


in this peat layer. 


For a description of other features observed, refer to inspection report 

by John VanSciver and JL~ Norfleet, dated July 15, 1982. 


OBSERVATIONS OF 7-22-82 

On the day of the inspection, both sides of the breach were logged, 

samples taken, the channel section around the outlet pipe was inspec­

ted, and photographs (both air and ground) were taken. (See photos 


A-l through A-7) 

Logging of both sides of the breach show very good correlation from side 
to side. Seven distinct layers are present on the right side and nine on 
the left. The two lowest layers on the left are not present on the right. 
These represent filling to bring the left side up to the approximate 
level of the right side. From that point up, all layers are generally 
similar on both sides. Although there are variations within layers, 
they were easily divided into the genenal classifications as shown in 

Figure A-l. 
Visual classification done at the site appears to be in general agree­
ment with laboratory results. Discrepancies seem to be due to individuals 
"seeing" more fines and less gravel than the lab. 

The dam above the moraine is composed entirelY of silty and poorly graded 
sands with varying amounts of fines and gravel. Also, as noted in the 
logs " considerable amounts of organic material "..,ere found. Distinct 
color changes probably resulted from various borrow areas. (See photos 
A-l and A-5) Although there is some variation in material type within 
a layer, the environment from which they were taken was similar. Based 
on this, we estimate that there T.,vere between four and seven borrow areas. 
All the fill is in a semi-compact, friable state and is moist except 
layer seven which appears to be saturated. 

The channel of tb.e breach has a number of large granitic bOulders near 

http:wi.t~!.in
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what remains of the outlet pipe (See sketch A-l and photo A-7). One 
of the boulders has a black, 
Also found near this boulder 

sooty coating on the right 
at the water surface was a 

(south) side. 
black coarse Photo A-l: Right side of breach. 

sand. This sand is extremely friable and very weakly cemented. It 
is composed almost entirely of coarse sand and is very open (i.e., Photo A-2: Downstream toe on right side of breach. 

point to point contact of sand grains). On close examination, it was 
found that this sand is composed of granitic fragments and the black Photo A-3: Foundation on right side of breach. 

is a sooty surface coating similar to that on the boulders. 
Photo A-4: Close-up of trench excavation on right side of 

Based on observations and construction photos, it ai?pears that the breach. 

black soot may have come from a coal fire built in the area during 
construction for heating rivets and lead and for kee2ing warm. Photo A-5: Left side of breach. 

Photo A-6: Trench excavation on left side of breach. 

Photo A-7: Foundation on left side of breach. 

Photo A-8: Rock in stream channel immediately downstream 
of dam. 

Photo A-9: Rock in stream channel 100 feet downstream 
and beyond. 

Photo A-IO: Seep area downstream on left side of stream channel. 
Flowing water present . 

• 



-3­

what remains of the outlet pipe (See sketch A-I and pho~o A-7). One 
of the boulders has a black, sooty coating on the right (south) side. 
Also found near this boulder at the water surface was a black coarse 
sand. This sand is extremely friable and very weakly cemented. It 
is composed almost entirely of coarse sand and is very open (i.e., 
point to point contact of sand grains). On close examination, it was 
found that this sand is composed of granitic fragments and the black 
is a sooty surface coating similar to that on the boulders. 

Based on observations and construction ~hotos, it appears that the 
black soot may have come from a coal fire built in the area during 
construction for heating rivets and lead and for keeping warm. 

photo A-I: Right side of breach. 

Photo A-2: Downstream toe on right side of breach. 

Photo A-3: Foundation on right side of breach. 

Photo A-4: Close-up of trench excavation on right side of 
breach. 

Photo A-S: Left side of breach. 

Photo A-6: Trench excavation on left side of breach. 

Photo A-7: Foundation on left side of breach. 

Photo A-8: Rock in stream channel immediately downstream 
of dam. 

Photo A-9: Rock in stream channel 100 feet downstream 
and beyond. 

Photo A-IO: Seep area downstream on left side of stream channel. 
Flowing water present . 

• 



Layer No. GENERAL DESCRIPTIONS 

1 

2 

3 

4 

5 

6 

7 

Silty Sand 
(SM) 

Silty Sand (SM) 
(Organic) 

• 

Silty to Poorly Graded Sand 
(Sl>l-SP) 

Silty to Poorly Graded Sand 
(SM-SP) 

Silty Sand 
(SM) 

Left side 
Silty to Poorly Graded Sand 

(SM-SP) 

Right side 
Gravel 

(GW) 

Silty Sand 
(SlvI) 

65% fine to coarse sand 
20% non-plastic fines 
15% subrounded gravel to 6" maximum 
Material is generally moist, tan to light 
with occasional limonite stains. Contains 
thinner layers with varying amounts of grave 
and fines. A 3" thick layer of GP-GM was 
on the right side between 10" and 1'1" below 
crest. 

55% fine to coarse, mostly fine sand 
20-25% slightly plastic, organic fines 
20-25% subrounded gravel to 2~" maximum 
Material is dark gray to black, contains 
pieces of wood. ~1oist. Due to the fineness 
the sand, this material appears to be an 
silt by visual classification. 

65% fine to medium with occasional 
10% non-plastic fines 
25% subrounded gravel to 3" maximum 
Contains small layers which are skip-graded 
ing medium sand size. Brown, moist. Con 
some organic debris (wood chips). 

75% mostly fine to medium sand 
10% non-plastic fines 
15% subrounded gravel to 1" maximum 
Occasional layers of very silty material. 
brown, moist. . 

75% fine to medium sand 
20% non-plastic to slightly plastic fines 
5% fine subrounded gravel to 1" maximum 
Dark reddish brown to gray-brown. moist. 
sional organic streaks. 

73% mostly fine sand 
7% non-plastic fines 
20% fine gravel to 5/8" maximum 
Brown, moist. 

55% gravel to 3" maximum 
40% mostly fine sand 
5% non-plastic fines 
Brown, moist. 

70% fine to coarse sand 
20% non-plastic fines 
10% subrounded gravel to 1" maximum 
Dark reddish brown with rust streaks 
mottling, moist to saturated. Right side 
less fines (dropping to 5%). Left side con 
up to 40% fines. 

8* 

9* 

Moraine 

* 

Silty Sand 
(5M) 

Silty Sand 
(SM) 

Similar to layer 6 except saturated. 

65% mostly fine sand 
15% non-plastic fines 
20% sub rounded gravel to 4" with occasional 
cobbles and boulders to I' which have coating 
of organic silt. 
Wet to saturated, reddish brown with limonite 
satins and wood fragments. 

A mixture of large granite boulders, cobbles, 
sand and non-plastic fines. No apparent bedding. 

Layers 8 and 9 are not present on the right side of the breach. 



Layer No. 
GENERAL DESCRIPTIONS 8* Silty Sand 	 Similar to layer 6 except saturated. 

1 Silty Sand 

(SM) 


2 Silty Sand (SM) 

(Organic) 


3 Silty to Poorly Graded Sand 
(SM-SP) 

4 Silty to Poorly Graded Sand 
(Slvl-SP) 

5 Silty Sand 

(SM) 


6 Left side 
Silty to Poorly Graded Sand 

(SM-SP) 

Right side 

Gravel 


(GW) 


7 Silty Sand 
(SM) 

65% fine to coarse sand 
20% non-plastic fines 
15% sub rounded gravel to 6" maximum 
Material is generally moist, tan to light 
with occasional limonite stains. Contains 
thinner layers with varying amounts of 
and fines. A 3" thick layer of GP-GM was 
on the right side between 10" and 1'1" below 
crest. 

55% fine to coarse. mostly fine sand 
20-25% slightly plastic. organic fines 
20-25% subrounded gravel to 21" maximum 
Material is dark gray to black. contains 
pieces of wood. Moist. Due to the fineness 
the sand, this material appears to be an 

• silt by visual classification. 

65% fine to medium with occasional 

10% non-plastic fines 

25% subrounded gravel to 3" maximum 
Contains small layers which are skip-graded 
ing medium sand size. Brown, moist. Cont 
some organic debris (wood chips). 

75% mostly fine to medium sand 

10% non-plastic fines 

15% subrounded gravel to 1" maximum 

Occasional layers of very silty material. 

brown, moist. . 


75% fine to medium sand 

20% non-plastic to slightly plastic fines 

5% fine sub rounded gravel to 1'1 maximum 

Dark reddish brown to gray-brown, moist. 

sional organic streaks. 

73% mostly fine sand 

7% non-plastic fines 

20% fine gravel to 5/8" maximum 

Brown, moist. 


55% gravel to 3" maximum 

40% mostly fine sand 

5% non-plastic fines 

Brown, moist. 


70% fine to coarse sand 
20% non-plastic fines 
10% subrounded gravel to 1" maximum 
Dark reddish brown with rust streaks 
mottling, moist to saturated. Right side 
less fines (dropping to 5%). Left side con 
up to 40% fines. 

(SM) 

9* Silty Sand 	 65% mostly fine sand 
(SM) 	 15% non-plastic fines 

20% subrounded gravel to 411 with occasional 
cobbles and boulders to I' which have coating 
of organic silt. 
Wet to saturated, reddish brown with limonite 
satins and wood fragments. 

Moraine 	 A mixture of large granite boulders. cobbles, 
sand and non-plastic fines. No apparent bedding. 

Layers 8 and 9 are not present on the right side of the breach.* 
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James Norfleet, Senior, Water Resources Engineer 
. George Van Slyke, Supervisor, Geologist . 

LA~'iN LAKE DAM 
FAILURE INVESTIGATION 

LABOR..!1.TORY TESTIiJG 

APPENDIX J 

LABORATORY TESTING-
As stated in A?pendix A (Geologic/Geotechnical Notes), seven sack sam­
ples were obtained from various strata on the left side of tIle breach. 
The left side samples were numbered lL through 7L, and a nuclear tast 
was performed to determine the density and moisture conta~t of the 
material below the nuclear test gage. The percent gravel was used to 
correct the field density for placement density of the minus #4 in 
laboratory triaxial shear tests. The results of field density and 
moisture tests are presented on Figures B-1 through B-7. 

A small moisture sample was obtained from eacn of the seven sack sam­
ples for a laboratory moisture determination. The moisture content 
as determined in the laboratory was within three percent of the field 
moisture for four of the seven samples, no. lL, 2L, SL, and 7L. The 
difference in moisture content between the field and laboratory for 
the other three samples was as much as 20 percent. The large varia­
tion is primarily due to the different size soil sample volumes. The 
variations could also be attributed to the rock moisture, wood chips 
or roots in the field sample which were not present in the labortory 
samples. 

In addition to the seven sack samples obtained from the left side, 13 
small sack samples were obtained from various strata on the right side 
of the breach for laboratory classification. The right side sampleS 
are numbered lR through l3R. Field density and moisture tests were 
not performed on the right side. 

STANDARD PROPERTIES 
•

The following standard property tests were performed on t.ne samples 
obtained: 

Gradation Analysis 
Specific Gravity of Minus #4 Material 
Bulk Specific Gravity of Plus #4 l~terial (Samples No. 

lL through 7L only) 
Absorption (Plus #4 Material, Samples No. lL tnrough 7L 

only) 
Atterburg Limits 

The specific gravity of the minus #4 material, bulk spec~~~c gravity 
of the plus #4 material, and absorption for the samples are listed on 
Figure B-8. A summary of results from gradation analysis and Atterburg 
limits is presented in Figure B-9. Individual gradation curves are 
plotted and presented in Figures B-lO through B-29. 
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AS stated in A~pendix A (Geologic/Geotechnical Notes), seven sack sam­
ples were obtained from various strata on the left side of the breach. 
The left side samples were numbered lL through 7L, and a nuclear tast 
was performed to determine the density and moisture content of the 
material below the nuclear test gage. The percent gravel was used to 
correct the field density for placement density of the minus #4 in 
laboratory triaxial shear tests. The results of field density and 
moisture tests are presented on Figures B-1 through B-7. 

A small moisture sample was obtained from each of the seven sack sam­
ples for a laboratory moisture determination. The moisture content 
as determined in the laboratory was within three percent of the field 
moisture for four of the seven samples, no. lL, 2L, SL, and 7L. The 
difference in moisture content between the field and laboratory for 
the other three samples was as much as 20 percent. The large varia­
tion is primarily due to the different size soil sample volumes. The 
variations could also be attributed to the rock moisture, wood chips 
or roots in the field sample which were not present in the labortory 
samples. 

In addition to the seven sack samples obtained from the left side, 13 
small sack samples were obtained from various strata on the right side 
of the breach for laboratory classification. The right side sam~les 
are numbered lR through l3R. Field density and moisture tests were 
not performed on the right side. 

STANDARD PROPERTIES 
• 

The following standard property tests were performed on tne samples 
obtained: 

Gradation Analysis 
Specific Gravity of Minus #4 Material 
Bulk Specific Gravity of Plus #4 Material (SaMples No. 

lL through 7L only) 
Absorption (Plus #4 ~aterial, Samples No. lL through 7L 

only) 
Atterburg Limits 

The specific gravity of the minus #4 material, bulk specific gravity 
of the plus #4 material, and absorption for the samples are listed on 
Figure B-8. A summary of results from gradation analysis and Atterburg 
limits is presented in Figure B-9. Individual gradation curves are 
Plotted and presented in- Figures B-10 through B-29. 
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Samples obtained from tne left side of the breach contained between 7 
and 26 percent non-plastic to low plasticity fines. Five samples were 
cl~ssified as borderline between a poorly graded sand and a silty sand 
SP-SM. The other two were classified as SM. Tne higher liquid limits 
for samples no. 2L and 5L are a result of the ~resence of organic 
material. Organic material absorbs a large amount of water which 
does not add to the liquidity of the sample during the test. 

The most significant difference between material from the right side 
and material from the left side was the two gravel layers found at a 
depth of 10 inches and 10' 10" on the rignt side of the breach. The 
layer at the la-inch depth was three inches tnick and the layer at 
the 10' 10" depth was one foot thick. The amount of material passing 
the #200 sieve in the gravel layers were six percent and four percent, 
respectively. 

In general, ~~e standard property test results and visual field classi­
fications are in agreement, indicating mostly sandy material was used 
for the c~nstruction of the embankment. 

LABORATORY PERMEABILITY 

Three samples were selected for permeability testing, sam~les no. 5L, 
6L, and 7L. The samples were remolded into a six inch diameter mold, 
seven inch high. The samples tested included tne plus #4 fraction 
and were placed at their respective field density and moisture content. 
The test was performed under a constant six inch head. The results 
are presented on Figures B-30 through B-32. 

The results indicate only one sample was impervious, sample, no. 5L. 
The other two samples, no. 6L and 7L, had permeability rates of 0.7 
feet/day and 6.6 feet/day, respectively. 

TRIAXIAL SHEAR 

Three samples were selected for shear testing, samples no. 2L, 5L, and 
6L. For each sample, tile minus #4 fraction was remolded into a 2.85 
inch diameter by 6.35 inch high specimen. The field density and moist­
ure content was adjusted for the rock present in the bulk sample to 
determine ~lacement density of the minus #4 material. The nomographs 
shown on Figures B-33 through B-35 were used for the moisture/density 
correction. 

The triaxial shear tests were multiple-stage on a single specimen. 
Each stage was performed with the specimen confined by a different 
lateral pressure. A strip-chart was used to record deviator load, 
axial strain, and pore pressure. Each stage was completed when the 
deviator was observed to be changing less than five pounds in 30 
minutes. At the end of the first stage, the specimen was unloaded 
and the second higher lateral pressure applied. The tnird stage was 
performed in the same manner. All samples were backpressured to sat­
uration prior to loading. 

Samples no. 2L and 6L were tested in a consolidated-drained (CD) 
mode and sample no. 5L was tested iD.-a.consolidated-undrained (CU) 
mode. The following is. a list of .con;fin.ing. p:r.:.esSUI;'esfol:. me tests; 

Sample "No. Type of Test Effective Confining 
Pressure 

(psi) 

2L CD 5, 10, and 20 

5L CU 7, 15, and 30 

6L CD 10, 20, and 30 

Failure criteria was based upon maximum deviator load at the end 
of each stage. This point was estimated to be 95% of the peak
strength. 

The results are presented on Figures B-36 through B-55. 

The results from the triaxial shear test indicate the weaker zones of 
material existed at depth of 5' 7" (Sample No. 2L) and 9 1 grr (Sample 
No. SL). The test for sample No. 2L resulted in an effective stress 
friction angle {~I } of 18.4 degrees and cohesion of 1.4 psi. The 
test for Sample No. 5L resulted in a total stress friction angle(+ ) of 22.2 degrees and cohesion of 1.3 psi. 

Even though the samples had to be remolded, the values obtained from 
the triaxial sher tests were within an acceptable range of values for 
the type of material tested. The type of test performed on the sam­
ples were chosen to represent conditions observed in the field". 

• 
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Samples obtained from tne left side of the breach contained between 7 
and 26 percent non-plastic to low plasticity fines. Five samples were 
classified as borderline between a poorly graded sand and a silty sand 
SP-SM. The other two were classified as SM. Tne higher liquid limits 
for samples no. 2L and 5L are a result of the ~resence of organic 
material. Organic material absorbs a large amount of water which 
does not add to the liquidity of the sample during the test. 

The most significant difference between material from the right side 
and material from the left side was the two gravel layers found at a 
depth of 10 inches and 10' 10'1 on the rignt side of the breach. The 
layer at the 10-inch depth was three inches thick and the layer at 
the 10 1 10" depth was one foot thick. The amount of material passing 
the #200 sieve in the gravel layers were six percent and four percent, 
respectively. 

In general, b~e standard property test results and visual field classi­
fications are in agreement, indicating mostly sandy material was used 
for the cJnstruction of the embankment. 

LABORATORY PERMEABILITY 

Three samples were selected for permeability testing, sam~les no. 5L, 
6L, and 7L. The samples were remolded into a six inch diameter mold, 
seven inch high. The samples tested included tne plus #4 fraction 
and were placed at their respective field density and moisture content. 
The test was performed under a constant six inch head. The results 
are presented on Figures B-30 through B-32. 

The results indicate only one sample was impervious, sample, no. 5L. 
The other two sampIes, no. 6L and 7L, had permeability rates of 0.7 
feet/day and 6.6 feet/day, respectively. 

TRIAXIAL SHEAR 

Three samples were selected for shear testing, samples no. 2L, 5L, and 
6L. For each sample, tile minus #4 fraction was remolded into a 2.85 
inch diameter by 6.35 inch high specimen. The field density and moist­
ure content was adjusted for tile rock present in the bulk sample to 
determine ~lacement density of the minus #4 material. The nomographs 
shown on Figures B-33 through B-35 were used for the moisture/density 
correction. 

The triaxial shear tests were multiple-stage on a single specimen. 
Each stage was performed with the specimen confined by a different 
lateral pressure. A strip-chart was used to record deviator load, 
axial strain, and pore pressure. Each stage was completed when the 
deviator was observed to be changing less than five pounds in 30 
minutes. At the end of the first stage, the specimen was unloaded 
and the second higher lateral pressure applied. The tnird stage was 
performed in the same manner. All samples were backpressured to sat­
uration prior to loading. 

Samples no. 2L and 6L were 
mode and sample no. 5L was 
mode. The following is. a 

Sample No. 

2L 

5L 

6L 

tested in a consolidated-drained (CD) 
tes.ted, in-a. consolidated":,,,undrained (CU) 

list Jf .confining p.re.saures. tOl: th.e tests: 

Type of Test Effective Confining 
Pressure 

(psi) 

CD 5, 10, and 20 

CU 7, 15, and 30 

CD 10, 20, and 30 

Failure criteria was based upon maximum deviator load at the end 
of each stage. This point was estimated to be 95% of the peak
strength. 

The results are presented on Figures B-36 through B-55. 

The results from the triaxial shear test indicate the weaker zones of 
material existed at depth of 5' 7" (Sample No. 2L) and 9 1 9" (Sam~le 
No. 5L). The test for sample No. 2L resulted in an effective stress 
friction angle (~I ) of 18.4 degrees and cohesion of 1.4 psi. The 
test for Sample No. 5L resulted in a total stress friction angle 
(, ) of 22.2 degrees and cohesion of 1. 3 psi. 

Even though the samples had to be remolded, the values obtained from 
the triaxial sher tests were within an acceptable range of values for 
the type of material tested. The type of test performed on the sam­
ples were chosen to represent conditions observed in the field~ 
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Wet Density 

Lbs. of H20/ft~ 

Dry Density 

% MOisture 

Curve Values -#4 WIRCurve No. ___ 
Optimum Moisture 

AASHTO T-99 0 AASHTO T-180 0 Method_ 
Max Dry Density 

Tested by ,J..L:V:::/ 1''7"..... ./;1 
% Relative Compaction % 

Equipment Number 3) G ~ 
Soil Classification ________ 

% Retained on No.4 Sieve (Rock) 3'7 , %, 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -:- (100 + % H20) (x 100) = Dry Wt. Total Sample 
Wet Wt. Rack....... -:- (100 + % H20 in Rock) (x 100) = Dry Wt. Rock 
Dry Wt. Rock ...... -- 7- Dry Wt. Total Sample = __ % + #4 and %_ #4 

ROCK CORRECTION FORMULA AND CALCULATIONS x..\'J 
% - #4 x Maximum Dry Density of - #4 Plus % + #4 x {.9 x Wt. per cu tt of + #4 Roc~tC \Cj?:,1 

---% x + % x (.9 x = 	 j\j\.. '2.£> ~cf!, 
v.,'tJP\l 11­

--- + = pct Maximum Dry Density Corrected tor Rock 'ft~~~~~~"t1\"~ 
';).1'>'" '4;p\p,. 

ORTIMUM MOISTURE CORRECTION FOR -#4 WIROCK COMPACTION CYLINDER MOISTURE DATA 
% - #4 x % H20 in - #4:: % R Wet Weight _____ 
% + #4 x % H20 in + #4 = % S Dry Weight _____ 

Total Corrected Optimum MOisture = % T Loss (R-S) _____ 

---------------------' % Moisture by Dry Weight: __% 
COMPACTION CYLINDER DENSITY DATA (T + S) x 100) 
Gross Wt. ___ 

Tare Wt. (Factor) (Wet Den.) 

Net Wt. x = -:- 100 + % H20 X 100 = pcf Dry Density
STANDARD COUNT REMARKS _ 
MOisture Density 

ST ATE OF COLORADO 
DEPARTMENT OF HIGHWAYS 
DIVISION OF HIGHWAYS 
DOH Form No. 427 
Revised: September, 1979 	 NUCLEAR DENSITY TEST 

. Moisture Density Material Class ____ 
Flush or Air Gap 
Trans. ,2-" Gap Project L.t'"lIN1.1 LA-It: E 04 ....... 

Test Number ____-==>-_________ 

__900 __900 Date 7 - 2 2 - f 2. 
_ I if . 

2- {09 5:419 	 Station 5> - 2 b£/"o.,v CA.,€s.-r 
214/ (r4eo 	 Depth Below Grade or Thickness 5" 

I 

- 7 
II 

2) 	 4 ZS=' z) /0 &49 In-Place f / t, 0 Wet Density 

Z-/z 5" CPM S-424 CPM -:- into ___ In-Place ZO .8 Lbs. of H20/ftl 

:.; ?40 STD 706"} STD In-Place q 71 Z Dry Density 

.5"3 Cf Ratio . 7~ g Ratio AGR In-Place 2/ t 4 % Moisture 

Name of Pit ___________ Curve Values -#4 WIR 


Curve No. ___ Optimum Moisture 


AASHTO T-99 0 AASHTO T-180 0 Method_ Max Dry Density 

'" 

Tested by :J):;;:;..u It~~.. d 	 % Relative Compaction % 
> 7 


Equipment Number 1(,'1 <£,;; Soil Classification ________ 


% Retained on No.4 Sieve (Rock) 16 % 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -:- (100 + % H20) (x 100) = Dry wt. Total Sample 
Wet Wt. Rock....... -:- (100 + % H20 in Rock) (x 100) = Dry wt. Rock ____ 
Dry wt. Rock ...... 7- Dry Wt. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x Wt. per cu ft of + #4 Rock) 

___% x + % x (.9 x = )• 
___ + = pct Maximum Dry Density Corrected for Rock 

ORTIMUM MOISTURE CORRECTION FOR - #4 WIROCK COMPACTION CYLINDER MOISTURE DATA 
% - #4 x % H20 in - #4 = % R Wet Weight _____ 
%+#4 x % H2 0in +#4= % S Dry Weight _____ 

Total Corrected Optimum Moisture = % T Loss (R-S) _____ 
___________________-' % Moisture by Dry Weight: __% 

COMPACTION CYLINDER DENSITY DATA 	 {(T + S) x 100) 
Gross wt. ___ 


Tare Wt. (Factor) (Wet Den.) 

Net Wt. x 100 + % H20 X 100= pef Dry Density 

STANDARD COUNi---- REMARKS 

Moisture Density 

FIGURE ~~S 
--_CPM 	 FIGURE 8-2 

___CPM ___CPM 



STATE OF COLORADO 

DEPARTMENT OF HIGHWAYS 

DIVISION OF HIGHWAYS 

DOH Form No. 427 

Revised: September, 1979 NUCLEAR DENSITY TEST 


Moisture Density Material Class ____ 
Flush or Air Gap 
Trans. jL" Gap Project 1-4 'N b.l I Ak .~ 0,., 'c! 

Test Number ____~~~~~L-~____________ 
__900 ___900 Date 7- Z 2.- K Z. 

2: 43$' 47'", Station 7 I - 1 
" bf,/ q .", 6- IU: <;7 

t 1J 

73'4 f 757 Depth Below Grade or Thickness 7 - I 

2-) 4 g-oZ "'2) r5"z5 In-Place l~ ~,S- Wet Density 

z. 40 I CPM -4 7~z' CPM +- into ___ In-Place 2.-4, L Lbs. of H20/ft3 

3?40STD 7"'&0 STD In-Place '! ? 4 Dry Density 

___AGR '2.4.2­. Go r:r Ratio . '74 Ratio In-Place % Moisture 

Name of Pit ______________ Curve Values -#4 W/R 

Curve No. ___ Optimum Moisture 

AASHTO T-99 0 AASHTO T-180 0 Method_ Max Dry Density 

Tested by y~& /':..-":J,~ % Relative Compaction % 
t 

Equipment Number 8'-0 G 1 Soil Classification ________ 

% Retained on No.4 Sieve (Rock) zS % 

CALCULATIONS FOR PERCENT ROCK 

Wet wt. Total Sample -:- (100 + % H20) (x 100) = Dry wt. Total Sample 
Wet Wt. Rock....... ....;.. (100 + % H20 in Rock) (x 100) ::: Dry wt. Rock 

Dry Wt. Rock ...... Dry wt. Total Sample ::: % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x wt. per cu ft of + #4 Rock) 

___% x + % x (.9 x = ___ 

___ + = pcf Maximum Dry Density Corrected for Rock 

OP.TIMUM MOISTURECORRECTION FOR -#4 W/ROCK I COMPACTION CYLINDER MOISTURE DATA 
% - #4 x % H20 in - #4::: % R Wet Weight _____ 
% + #4 x % H20 in + #4::: % S Dry Weight _____ 

Total Corrected Optimum Moisture = Of T Loss (R-S) ______ 
____________________--1 % Moisture by Dry Weight: __% 

COMPACTION CYL.lNDER DENSITY DATA ((T -+ S) x 100) 
Gross wt. ___ 

Tare Wt. (Factor) (Wet Den.) 
NetWt. x = 100+ %H20x100::: ____ pc_f_Dr_y_D_e~ 
STANDARO-COUNT REMARKS 
Moisture Density 

STATE OF COLORADO 

DEPARTMENT OF HIGHWAYS 

DIVISION OF HIGHWAYS 

DOH Form No, 427 

Revised: September, 1979 NUCLEAR DENSITY TEST 


Material Class _____Moisture Density 
Flush or Air Gap 
Trans. h" Gap Project J ~ vv~t L,4 k,; Q,4~ 

Test Number ___4~~~_____________ 

__900 ___90° Date 7 - Z 2- f 2.. 
r" I .

Za=6 '3 7kcz.. Station R - K b ~ Q"'" '- IU,,s 7' 

zy)' 77?( Depth Below Grade or Thickness g ~ 8-
'( 

'2.)b-7/9 Z)I"S'43 In-Place I ~~. ~ Wet Density 

Z kG t) CPM 7 :r ;z,( CPM +- into ___ In-Place 'Z '1, S Lbs. of H2O/ft3 

3 140 STD 70 GO STD In-Place 91:.1 1 Dry Density 

. 72 ~ Ratio I. J CI g Ratio AGR In-Place 3/,3 % Moisture 

Name of Pit ___________ Curve Values -#4 W/R 

Curve No. ___ Optimum Moisture 

AASHTO T-99 0 AASHTO T-1BO 0 Method_ Max Dry Density 

Tested by ~, r~~ % Relative Compaction % 
f 

Equipment Number ,:r (J 6 ; Soil Classification _________ 

,. % Retained on No.4 Sieve (Rock) ~% 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -:- (100 + % H20) (x 100) = Dry wt. Total Sample 
Wet Wt. Rock ....... __ ....;.. (100 + % H20 in Rock) (x 100) = Dry Wt. Rock - ___ 
Dry wt. Rock .•.... -;- Dry wt. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x ~ x wt. per cu ft of + #4 Rock) 

_ __ X + % x (.9 x ::: __/U _ 

___ + = pcf Maximum Dry Density Corrected for Rock 

OP.TIMUM MOISTURE CORRECTION FOR - #4 W/ROCK COMPACTION CYLINDER MOISTURE DATA 
% - #4 x % H20 in - #4 = % R Wet Weight _____ 
%+#4 x %H20in+#4= % S Dry Weight ______ 

Total Corrected Optimum Moisture = 0,lc T Loss (R-S) _____ 
_ __________________--1 % Moisture by Dry Weight: __% 

COMPACTION CYLINDER DENSITY DATA «(T S) x 100) 

Gross Wt. ____ 

Tare wt. (Factor) 
 (Wet Den.) % H20 x 100= 
Net Wt. x ..!... 100 + ___--=== pcf Dry Density 
STANOARDCOUNT REMARKS 
Moisture Density 

'-' 

FIGURE 8-4 
___CPM ___CPM ___CPM ___CPM 
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STATE OF COLORADO 

DEPARTMENT OF HIGHWAYS 

DIVISION OF HIGHWAYS 

DOH Form No. 427 


NUCLEAR DENSITY TESTRevised : September, 1979 

Density Material Class ----_Moisture 

Flush or Air Gap 


Project LA. 'x '-' / A< = 0.., 'M
Trans . L" Gap 

Test Number 3 L­---~~---------==-

___900 __90 0 Da te 7 - Z. z k 2.. 

<1 7(;}' Station 7 '-" b£/" '" C. a!' ",-t2- 436 
I " 

Depth Below Grade or Thickness 7 - /73 GL/ 47~7 

In-Place I z 3 ' 5 Wet Density 2.) 48"02- 7) r:r z S 

2-40 I CPM 4 7~Z CPM -7-- into ___ In-Place 2.4./.. Lbs. of H2O/ftl 

3':)4 0 STD 70$0 STD In-Place '? ?, 4 Dry Density 

"Z4,,2. ____AGR % Moisture . to 0 '7 Ratio , "74 Ratio In-Place 

Name of Pit _____________ Curve Values -#4 W/R 

Curve No. ___ Optimum Moisture• 
AASHTO T-99 0 AASHTO T-180 0 Method_ Max Dry Density 

;; _.l--- ~ / /1
Tested by c --' <~ A"J./ ! ' • .-' .,,\ ." 64-:: ty % Relative Compaction % 

Soil Classification _________Equipment Number 8-0 P 'J 

% Retained on NO.4 Sieve (Rock) z S % 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample ___ -7- (100 + % H20) (x 100) = Dry Wt. Total Sample 
Wet Wt. Rock. .... .. 7 (100 + % H20 in Rock) (x 100) = Dry wt. Rock 
Dry Wt. Rock ...... -7- Dry Wt. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% _ #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x Wt. per cu ft of + #4 Rock) 

___% x + % x (.9 x ___ 

___ + = pcf Maximum Dry Density Corrected for Rock 

OPTIMUM MOISTURE CORRECTION FOR - #4 W/ ROCK COMPACTION CYLINDER MOISTURE DATA 
% _ #4 x % H20 in - #4 = % R Wet Weight _____ 

% + #4 x % H20 in + #4 = % S Dry Weight ---- ­
Total Corrected Optimum Moisture = % T Loss (R-S) ---- ­

____________________~ % Moisture by Dry Weight: --% 

COMPACTION CYLINDER DENSITY DATA ((T T S) x 100) 

Gross Wt. ___ 

Tare Wt. (Factor) (Wet Den.) 


100 + % H20 X 100= pcf Dry Den~!'Jet wt. x = 

STAN-DARD COUNT REMARKS 


Moisture Density 


FIGURE 
___CPM ____CPM 

ST ATE OF COLORADO 
DEPARTMENT OF HIGHWAYS 
DIVISION OF HIGHWAYS 
DO H Form No. 427 
Revised : September. 1979 NUCLEAR DENSITY TEST 

Moisture Density Material Class _____ 
Flush or Air Gap 
Trans . ..6." Gap Project L e; VVfo../ L4;'c .c: QA ,..,.... 

Test Num ber __4--'--.JL---==_________ 

90 0 __90 0 Date 7 - Z z- f 2.. 

2([6 '3 73c;z.. Station i? 
, 

-:r 
q 

b::. J()"", 
, 

c...g ",c-; 

2: (S-C; 77il Depth Below Grade or Thickness if 
, 
- g­

. / 

'2..) '::2- 7 /9 z) J '5' ~4J In-Place t 2- 3, 6 Wet Density 

Z?6 () CPM 7:r 2...( CPM -7-­ into In-Place "2 '1 . S Lbs. of H20 / fP 

3 '140 STD 70 GO STD In-Place q 4-, / Dry Density 

• 72~ Ratio I. to?f Ratio AGR In-Place :3 I 3 % Moisture 

Name of Pit _ ____________ Curve Values -#4 W/ R 

Curve No . ___ Optimum Moisture 

AASHTO T-99 0 AASHTO T-180 0 Method_ Max Dry Density 

Tested by ~; f:-~~ % Relative Compaction %
I 

Equipment Number ?' (} 6 G Soil Classification _________ 

,. 
% Retained on NO.4 Sieve (Rock) !...2.....-% 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -7- (100 + % H20) (x 100) = Dry Wt. Total Sample 
Wet Wt . Rock....... 7 (100 + % H20 in Rock) (x 100) = Dry Wt. Rock 
Dry Wt. Rock ...... -7- Dry Wt. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x Wt. per cu ft of + #4 Rock) 

___%x + %x(.9x = ___ 

_ __ + = pcf Maximum Dry Density Corrected for Rock 

OPTIMUM MOISTURE CORRECTION FOR - #4 W/ ROCK I COMPACTION CYLINDER MOISTURE DATA 
% - #4 x % H20 in -#4= % R Wet Weight _____ 
% + #4 x % H20 in + #4 = % S Dry Weight _____ 

Total Corrected Optimum Moisture = % T Loss (R-S) ______ 
_____________________.....1 % Moisture by Dry Weight : __% 

COMPACTION CYLINDER DENSITY DATA ( (T T S) x 100) 
Gross Wt. ___ 

Tare wt. (Factor) (Wet Den.) 
Net Wt. x 100+ %H 20xI00- pcf Dry Density 
STANDARD COUNT REMARKS 
Moisture Density 

FIGURE 8-4 
____CPM ___CPM 



STATE OF COLORADO 
DEPARTMENT OF HIGHWAYS 
DIVISION OF HIGHWAYS 
DOH Form No. 427 
Revised: September. 1979 NUCLEAR DENSITY TEST 

Moisture Density Material Class ---­
Flush or Air Gap 
Trans, Gap Project L.4 'N;.J LA-k e () 4 II'-! 

Test Number s=L 
___900 Date 7 - Z. 4- ? 2.__900 

'?l oSS: 7;,71 Station 
/r 

q - 9' ;.:, e../ ;.0 •...,. <:..Il E>~ 
( ". I 

3:>:;7 7 34 $ 
'I - r;;

Depth Below Grade or Thickness . , 

~) G J J Z. "2-) I 4 7 I 9 In-Place ! 2~t g Wet Density 

=05"c. CPM 7360 CPM-:- into--­ In-Place "3 It 8 Lbs. of H2 0/ftl 

:--'110 STD 70GO STD In-Place '1 '); Q . Dry Density 

. 776 Ratio I. t>4Z Ratio AGR In-Place :3 3 , 4. % Moisture 

Name of Pit _____________ 

Curve No. ____ 

Curve Values 

Optimum Moisture 

Max Dry Density 

-#4 W/R 

AASHTO T-99 0 AASHTO T-180 0 Method_ 

Tested by ~ ~&.(.1J % Relative Compaction % 
(. 

Equipment Number toG6 Soil Classification __- ______ 

% Retained on No.4 Sieve (Rock) /0 % 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -7- (100 + % H20) (x 100) = Dry wt. Total Sample 
Wet WI. Rock....... -7- (100 + % H20 in Rock) (x 100) = Dry wt. Rock 
Dry WI. Rock ...... Dry WI. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% _ #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x Wt. per cu ft of + #4 Rock) 

___% x + % x (.9 x =___ 

___ + :: pcf Maximum Dry Density Corrected for Rock 

OPTIMUM MOISTURE CORRECTION FOR - #4 W/ROCK COMPACTION CYLINDER MOISTURE DATA 
% _ #4 x % H20 in - #4 = % R Wet Weight _____ 

% + #4 x % H2O in + #4 = % S Dry Weight ----­
Total Corrected Optimum Moisture:: °Il T Loss (R-S) ----­

___________________---1 % Moisture by Dry Weight: --% 

COMPACTION CYLINDER DENSITY DATA ((T S) x 100) 
Gross Wt. ___ 
Tare Wt. (Factor) (Wet Den.) 
Net Wt. x -;- 100 + % H20 X 100= pcf Dry 

"ANDARD COUNT REMARKS 

Moisture Density 

____CPM ___CPM 

STATE OF COLORADO 
DEPARTMENT OF HIGHWAYS 
DIVISION OF HIGHWAYS 
DOH Form No. 427 
Revised: September, 1979 

Moisture 

NUCLEAR DENSITY TEST 

Density Material Class ____ 
Flush or Air Gap 

Project LA 4C .", L+J; f; Q.4....., 

___900 

209'3 

2-/35 

Trans. L" Gap 

~90° 

<) J:::' X 

'd 1 'f2.. 

Test Number C; L --~~~--------

Date 7 - z z - t z.. 

Station / I bE III \.V c..f" 5t­

Depth Below Grade or Thickness 'f 

'21 qZ2L 2~30 In-Place 120,0 Wet Density 

~~-

" 

'Z 114­ CPM 5'I' r CPM -:- into In-Place 20,2 Lbs. of H2 0/ftl 

'3 94D STD 7cN; Q STD In-Place '1 '1, .3 Dry Density 

, '.fi,3 "-Ratio . 73 Z. Ratio AGR In-Place "%. o . .8. % Moisture 

Name of Pit 

Curve No. ____ 

AASHTO T-99 0 AASHTO T-180 0 Method 

Tested by .&zt:;i:.w 6c-.; C..H&1I 
Equipment Number ;. 0 G r; 

Curve Values 

Optimum Moisture 

Max Dry Density 

-#4 

% Relative Compaction % 

Soil Classification _________ 

W/R 

% Retained on NO.4 Sieve (Rock) ! e % 

CALCULATIONS FOR PERCENT ROCK 

Wet WI. Total Sample -;.. (100 + % H20) (x 100) =Dry WI. Total Sample 
Wet Wt. Rock. . . . . . . -7- (100 + % H20 in Rock) (x 100) = Dry wt. Rock ____ 
Dry Wt. Rock ...... ..;- Dry wt. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS
• 

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x wt. per cu ft of + #4 Rock) 

___% x + % x (.9 x :: ___, 

___ + = pcf Maximum Dry Density Corrected for Rock 

OP.TIMUM MOISTURE CORRECTION FOR - #4 WIROCK COMPACTION CYLINDER MOISTURE DATA 
% - #4 x % H20 in - #4 = % R Wet Weight _____ 
% + #4 x % H20 in + #4 = % S Dry Weight _____ 

Total Corrected Optimum Moisture = % T Loss (R-S) _____ 
___________________---' % Moisture by Dry Weight: __% 

((T + S) x 100) 

(Wet Den.) 

Density 

__________ FIGURE B-€ 

- __CPM ____CPM 
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STATE OF COLORADO 
DEPARTMENT OF HIGHWAYS 
DIVISION OF HIGHWAYS 
DOH Form No. 427 
Revised: September, 1979 NUCLEAR DENSITY TEST 

Moisture Density Material Class _____ 
FI ush or Ai r Gap 
Trans. 6 " Gap Project L.4 '-'V if LAk f () 4=."....., 

Test Number ___s:~L=-__________ 
__900 __900 Date 7 - :z. 2.- ?' .2.. 

:,oSS-
I If I 

Station '9 - 9 0 €-I;J '-v ~.e :;>::7""1'!J7L 
t .: f 

3~;7 ::z~4a <I - ,:;;Depth Below Grade or Thickness . , 

7.\141/2,. -a.W-4 7 J9 In-Place ( Z~. % Wet Density 

?;r.J 5' (, CPM tJGQ CPM -:­ into In-Place 3/.8 Lbs. of H2 0/ft3 

"!:ff 1Q STD 7060 STD In-Place 'I y, -;:>. . Dry Density 

• 776 Ratio l.o4Z Ratio AGR In-Place :3 ,3 I d % Moisture 

Name of Pit ______________ 

Curve No. ___ 

AASHTO T-99 0 AASHTO T-180 0 Method_ 

Tested by ~ r:£..,,&.I.J) 
c 

Equipment Number {6G.G 

Curve Values 

Optimum Moisture 

Max Dry Density 

-#4 

% Relative Compaction % 

Soil Classification _________ 

W/R 

% Retained on NO.4 Sieve (Rock) 10 % 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -:- (100 + % H20) (x 100) = Dry Wt. Total Sample 
Wet Wt. Rock....... -7 (100 + % H20 in Rock) (x 100) = Dry Wt. Rock ____ 
Dry Wt. Rock ..•... -;- Dry Wt. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x Wt per cu ft of + #4 Rock) 

____% x + % x (.9 x = ____ 

____ + ::: pcf Maximum Dry Density Corrected for Rock 

OPTIMUM MOISTURE CORRECTION FOR -#4 W/ROCK COMPACTION CYLINDER MOISTURE DATA 
% .. #4 x % H20 in .. #4::: % R Wet Weight _____ 
% + #4 x % H20 in + #4::: % S Dry Weight _____ 

Total Corrected Optimum Moisture::: % T Loss (R-S) _____ 
_________________________--1 % Moisture by Dry Weight: __% 

COMPACTION CYLINDER DENSITY DATA ((T + S) x 100) 
Gross Wt. ____ 

Tare Wt (Factor) (Wet Den.) 
Net Wt. x ::: 100 + % H20 X 100= pcf Dry __~ 
- AII.Ir"HI.Cn ("'nlIIl.IT Cl:aAAC~q 

Moisture Density 

___CPM ___CPM 

STATE OF COLORADO 
DEPARTMENT OF HIGHWAYS 
DIVISION OF HIGHWAYS 
DOH Form No. 427 
Revised: September, 1979 NUCLEAR DENSITY TEST 

Moisture Density 
Flush or Air Gap 

Material Class ____ 

Trans. L" Gap Project L A '..v 1.1 Lc<ek f 04 ,....., 

Test Number _~a~·~L~__________ 
___90° 

Date 7 - Z 2. - t z.. 

Station I I I h e.ip (..V bR. '" if 

__900 

209'~ 

7../35" 

7.) 92:28' 

S"j~X 

'5'192.­

2) /0 330 
Depth Below Grade or Thickness __, 11-___ 

Z 1/4­ CPM 

) In-Place I 20, 0 Wet DenSity 

5'I' r CPM -:- into ___ In-Place 2.0, 7 Lbs. of H2 0/ff3 

In-Place 9 '1, 3 Dry Density 
'394l> STD 7()G Q STD 

.53b Ratio . 732. Ratio - __AGR In-Place 'Z. o. 2 . % Moisture 
Name of Pit ____________ 

Curve No. ___ 

AASHTO T-99 0 AASHTO T-180 0 Method_ 

Tested by ~ C'O..~.-~ 

Equipment Number coG C 

Curve Values 

Optimum Moisture 

Max Dry Density 

-#4 

% Relative Compaction % 

Soil Classification ________ 

WIR 

% Retained on NO.4 Sieve (Rock) ! a % 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -:- (100 + % H20) (x 100) =Dry Wt. Total Sample ____ 
Wet Wt. Rock....... -7 (100 + % H20 in Rock) (x 100) = Dry Wt. Rock ____ 
Dry Wt. Rock ...... Dry Wt Total Sample ::: % + #4 and % _ #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 
•

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x wt. per cu ft of + #4 Rock) 

---% x + % x (.9 x =___ 

--­ + = pcf Maximum Dry Density Corrected for Rock 

OPTIMU M MOISTURE CORRECTION FOR - #4 WIROCK COMPACTION CYLIN DER MOISTURE DATA 
% - #4 x % H20 in - #4 = % R Wet Weight _____ 
% ... #4 x % H20 in'" #4 = % S Dry Weight _____ 

Total Corrected Optimum Moisture::: % T Loss (R-S) _____ 

----------------­___--l % Moisture by Dry Weight: __% 
COMPACTION CYLINDER DENSITY DATA ((T S) x 100) 
Gross Wt. ___ 

Tare Wt. (Factor) (Wet Den.) 

\,jet Wt. x = • 100 + % H20 X 100 - pcf Dry Density 
STANDARD COUNT REMARKS 
MOisture Density 

FIGURE 8-E 
--_CPM --__CPM 
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STATE OF COLORADO 
DEPARTMENT OF HIGHWAYS 
DIVISION OF HIGHWAYS 
DOH Form No. 427 
Revised: September, 1979 

Moisture 

NUCLEAR DENSITY TEST 

Density Material Class _____ 
Flush or Air Gap 
Trans . .kL" Gap Project LA '# ... , LA ~e 0,4 ....... 

Test Number __~7~~~__________________ 

___90° ___90° Date 7 - 2 2. ­ t 2. 

CLil 7 ~'S4 

760 so:: 

Station I 3 b~/c>"'" c..f~~';t-t 

1765 

2) 3536 2) IS" zS? 

J 76~ CPM 7<L 30 CPM -:- into ___ 

~ 14 r) STD 70GO STD 

t .,. 4- g Ratio I, ot I Ratio ___AGR 

Name of Pit ____________ 

Curve No. ___ 

Depth Below Grade or Thickness 

In-Place I 2 ~, 9.. 

In-Place /G,6 

In-Place I 0 /, .3 

In-Place 

Curve Values 

Optimum Moisture 

Max Dry Density 

JS-, 3 

-#4 

13 

Wet Density 

Lbs. of H20/ftJ 

Dry Density 

% Moisture 

W/R 

AASHTO T-99 D AASHTO T-180 D Method_ 

Tested by ~ ~~:2 % Relative Compaction % 

Equipment Number 5"06.5 Soil Classification ________________ 

% Retained on No.4 Sieve (Rock) z 'C % 

CALCULATIONS FOR PERCENT ROCK 

Wet Wt. Total Sample -:- (100 + % H20) (x 100) = Dry wt. Total Sample 
Wet Wt. Rock....... -7- (100 + % H20 in Rock) (x 100) = Dry Wt. Rock 
Dry Wt. Rock ...... -;- Dry Wt. Total Sample = % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 

% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x Wt. per cu ft of + #4 Rock) 

___% x + % x (.9 x = ___, 

___ + = pcf Maximum Dry Density Corrected for Rock 

OP.TIMUM MOISTURE CORRECTION FOR -#4 W/ROCK 'COMPACTION CYLINDER MOISTURE DATA 
% - #4 x % H20 in - #4 = % R Wet Weight _____ 
% + #4 x % H20 in + #4 = % S Dry Weight _____ 

Total Corrected Optimum Moisture = % T Loss (R-S) _______ 
_____________________---1 % Moisture by Dry Weight: __% 

COMPACTION CYLINDER DENSITY DATA ((T + S) x 100) 
Gross Wt. ___ 

Tare Wt. (Factor) (Wet Den.) 
Net Wt. x 100 + % H20 X 100­ pcf Dry Density-­STANDARD COUNT REMARKS 
Moisture Density 

___CPM ___CPM 

paH Form No. 193 
Revised: July, 1978 

TEST NO. 

1 L 
2 L 
3 L 
4 L 
5 L 
6 L 
7 L 

TEST NO. 

1 L 
2 L 
3 L 
4 L 
5 L 
6 L 
7 L 

T EST REP 0 R T 

DIVISION OF HIGHWAYS - STATE OF COLORADO 
Staff Materials Branch 

4340 East Louisiana Avenue 
Denver, Colorado 80222 

BULA SPECIFIC GRAVITY OF + #4 MATERIAL 

SPECIFIC GRAVITY 

2.58 
2.52 
2.58 
2.58 
2.58 
2.58 
2.55 

ABSORPTION (%) 

1.21 
2.25 
1.21 
1.21 
1.21 
1.21 
1.42 

SPECIFIC GRAVITY OF - #4 MATERIAL 

SPECIFIC GRAVITY 

2.65 
2.57 
2.65 
2.65 
2.54 
2.65 
2.63 

• 

9/3/82 

SAHPLES TAKEN RIGHT SIDE OF BREACH 

1 R 
2 R 
3 R 
4R 
5 R 
6R 
7R 
8R 
9R 

10 R 
11 R 
12 R 
13 R 

2.67 
2.63 
2.62 
2.64 
2.62 
2.62 
2.48 
2.66 
2.65 
2.62 
2.65 
2.64 
2.62 

Staff Materials Engineer 

FIGURE 8-8 
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STATE OF COLORADO 

DEPARTMENT OF HIGHWAYS 

DIVISION OF HIGHWAYS 

DOH Form No. 427 

Revised: September, 1979 NUCLEAR DENSITY TEST 


Moisture Density Material Class ____ 
Flush or Air Gap 
Trans. Gap Project LA"'V"" L..,,,d:.p De ,..... 

Test Number __~~~_________________ 

___90°___90° Date 7 - 2 .2.. - 8' 2. 

J...:1.il 7 ~54 Station I 3 b.. Iq"", '1~~..;.-r 

1765 7~o s= Depth Below Grade or Thickness _...1...:."--__ 

2) '2,536 '2...) 15ZS? In-Place I 2 4, 9 Wet Density 

176~ CPM 7v.;.0CPM T into ___ In-Place /6, G Lbs. of H20/ftl 

~14() STD 70GO STD In-Place lot, 2> Dry Density 

___AGR, 4- If g Ratio /,otl Ratio In-Place J,S • 3 % Moisture 

Name of Pit ____________ Curve Values -#4 WIR 

Curve No. ___ Optimum Moisture 

AASHTO T-99 0 AASHTO T-180 0 Method_ Max Dry Density . 
Tested by ~ f"*"7~:2 % Relative Compaction % 

Equipment Number to 6 " Soil Classification ________ 

% Retained on NO.4 Sieve (Rock) z s= % 

CALCULATIONS FOR PERCENT ROCK 

Wet WI. Total Sample 7- (100 + % H20) (x 100) ::: Dry Wt. Total Sample ____ 
Wet WI. Rock....... + (100 + % H20 in Rock) (x 100) ::: Dry Wt. Rock ____ 
Dry WI. Rock ...... 7- Dry WI. Total Sample ::: % + #4 and % - #4 

ROCK CORRECTION FORMULA AND CALCULATIONS 


% - #4 x Maximum Dry Density of - #4 Plus % + #4 x (.9 x wt. per cu ft of + #4 Rock) 


___% x + % x (.9 x ::: ___ 


___ + ::: pct Maximum Dry Density Corrected tor Rock 

OPTIMUM MOISTURE CORRECTION FOR -#4 WIROCK I COMPACTION CYLINDER MOISTURE DATA 
% .. #4 x % H20 in - #4::: % R Wet Weight _____ 
% + #4 x % H20 in + #4::: % S Dry Weight _____ 

Total Corrected Optimum Moisture = % T Loss (R-S) _____ 
___________________--' % Moisture by Dry Weight: __% 


COMPACTION CYLINDER DENSITY DATA ( (T + S) x 100) 

Gross Wt. ___ 

Tare Wt. (Factor) (Wet Den.) 

Net WI. x .: + 100 + % H20 X 100::: 

STANDARDCOUNT REMARKS 

Moisture Density 


___CPM ___CPM 

DOH Form No. 193 
Revised: July, 1978 

T EST REP 0 R T 

DIVISION OF HIGHWAYS - STATE OF COLORADO 

Staff Materials Branch 


4340 East Louisiana Avenue 

Denver, Colorado 80222 
 9/3/82 

B~ SPECIFIC GRAVITY OF + #4 MATERIAL 

TEST NO. SPECIFIC GRAVITY ABSORPTION (%) 

1 .211 L 2.58 

2 L 2.52 2.25 


1 .21 2.583 L 
t .212.584 L 
1 .21 2.585 L 

6 L 2.58 1 .21 


? L 2.55 1 .42 


SPECIFIC GRAVITY OF - #4 MATERIAL 

TEST NO. SPECIFIC GRAVITY 

1 L 2.65 

2 L 2.57 

3 L 2.65 

4 L 2.65 

5 L 2.54 
 •6 L 2.65 

2.637 L 

SAHPLES TAKEN RIGHT SIDE OF BREACH 

1 R 2.67 

2 R 2.63 


2.623 R 
2.644R 
2.625 R 
2.626R 
2.487R 

8R 2.66 
2.659 R 


10 R 2.62 

11 R 2.65 

12 R 2.64 


2.6213 R 

Staff Materials Engineer 

FIGURE 8-8 



ST ATE OF COLORADO Field Sheet No. 
Department of Highways 

LABORATORY REPORT ON ITEM 203 PrOject No. pivision of~!la~_~!:~!lesourcesDivision of Hig~lways 
DOH Form No. 323 (Embankment or Borrow) Location Lawn Lake Dam 
October. 1978 o PRELIMINARY District _ ..~_~_.__Date __9.L31~5:._______ 

o CONSTRUCTION 

Test 
Station and Log No. 

1 L 4' 711 

2 L 51 7" 

3 L 71 1" 

4 L 8' 8" 

5 L 9' 911 

6 L 11 I 0" 

7 L 13 1 0" 

1 R 10" to 1'1" 

2 R 1 I 1II to 2'4" 

.3 R 2'411 to 31 1" 

4 R 3'1" to 3'3" 

5 R 3',3" to 3'9" 

6 R 3'9" to 4'9" 

7 R 5 '11" to 6' 6" 

DISTRIBUTION 
o Stall Construction 

[} Stall Design 

Max. 
Size 

Percent Passing 
3 1 3/4 3/8 #4 

89 70 ~ 64 60 

100 87 85 81 75 

100 92 90 85 79 

100 91 90 87 82 

100 99 97 I 94 90 

100 94 92 88 80 

100 90 89 84 77 

SAMP i.ES 'fA KEN R GHT S DE OF 

100 69 66 57 49 

100 95 91 

100 95 90 

100 

100 95 

100 95 91 

100 90 90 85 80 

#10 #40 #200 

56 38 8 

62 35 20 

72 50 10 

77 56 9 

76 51 26 

70 42 7 

67 44 13 

BREACI 

40 24 6 

78 44 21 

77 48 26 

96 52 9 

84 60 32 

RI. I 56 19 

73 46 23 

Unified IL L PI 
C lossification 

NV NP SP-SM 

SM (OL) 

NV NP SP-SM 

NV NP SP-SM 

56 13 SM 

NV I NP SP-SM 

N SP SM 

NV NP GP-GM 

NY NP SM 

26 1 SM 

NV NP SP-SM 

NV NP SM 

29 3 SM 

49 2 iSM 
D T-99 !] T-180 
o Rigid Pavement 
[) Flexible Pavement 

18k EDLA ~"_' ._...... _ .. 
Regional FacloL __... 
Serviceabili.y Index 

Lab Field 

Moist Moil! 
% 0/0 

7.4 
J . '1 

25.0 21.4 

10.6 24.2 

10.6 31.3 

29.8 33.4 

10.5 20.8 

12.1 11:; ~ 

(J) 
::J: 
ITI 
ITI 
-f 

o ...,.. 
I\) 

m 
I 
U) 

(J) 

ffi 
ITI 
-f 

Ar@ special c,orrcosi ....o 

4'$'+'1::->,.",.: ?:v,. . 
t.ABORA'fOtIlY'ftl!POR'f.mM"2ft 

(Embankment or Borrow) 
o PRELIMINARY 

o CONSTRUCTION 

,-<H~'s.'n~~~'~A~~_~ ...':.~~"~·"!? 

-XC'Of'lfat.e"'" l\eaout'cu 

Location ...--,La~:wn... ::.:..._La.:..::c:k:..::.e_D_a-=_m-""_"T":;;';;:-·~_____ 
District ~___-._Date _-.__ __~~ 

Test 
No Station and Log 

8 R 6'11" to 7'10" 

9 R 7'10" to 10'4" 

10 R 10'4" to 10' 10" 

11 R 10'10" to 11 ' 10" 

12 R 11 '10" to 12'7" 

13 R 4 I 9" to 5 I 11" 

Max. 
Size 

Percent Passing 
3 1 3/4 3/8 #4 

100 98 98 88 75 

100 97 94 91 82 

100 97 94 

100 61 61 52 44 

~ 100 98 90 

100 96 I 92 88 

/Sam leJ1 3 - N deptl ideni 

L L PI Class. and 
1110 #40 #200 Group Index 

57 31 9 NV NP SP-SM 

LL 38 12 

~ 
SP-SM - - ... 1 

80 I 36 13 SM 

33 15 4 NV I NP GW 
, 

67 29 5 NV NP SW-SM 

80 l-59 31 NV I NP SM 

ifica1 ion 01 sa~. 

Moist R 
% Value 

:n 
G") 
c (J T-99 u T-l80:n n Rigid Pavement", DISTRIBUTION 

to () Staff Design
I Regional Factor . __._ 


Stall Materials Serviceability Index
(0 
District Office - as reqllired Are special corrosive resistant culverts req'(J? 

[I Staff Construction 
l'J Flexible Pavement 

18k EDLA 

http:t.ABORA'fOtIlY'ftl!POR'f.mM


(J) 
::J: 
fT1 
fT1 
-I 

:!J 
G') 
C 
:0 
IT' 

m, 

STATE OF COLORADO 
Department 01 Highways 
Division 01 Highways 
DOH Form No. 323 
October. 1978 

Test 
Station and LogNo. 

1 L 4' 7" 

" L 5' 7" 

3 L 7' 1" 

4 L 8' 8" 

5 L 9' 9" 

6 L 11 ' 0" 

7 L I 13' 011 

1 R 10" to 1'1" 

2 R 1 ' 11/ to 2'4" 

3 R 2'4" to 3'1 " 

4 3'1" to 3'3" 

5 R 3'3 11 to 3'9" 

6 R 3'9" to 4'9" 

7 R 5 '11" to 6'6" 

DISTRIBUTION 
rJ Stall Construction 

u S\all DeSign 

DOH Form No. 323 
October. 1978 

Test 
Station and LogNo 

8 R 6'11" to 7'10" 

9 R 7'1011 to 10'411 

10 R 10'4" to lOt 10" 

11 R 10'10" to 11'10" 

12 R 11 '10" to 12'711 

13 R 4' 9" to 5' 11" 

DISTRIBUTION 
[l Stall Conslruclion 

u Stall DeSign 

Stall Materials 

District Office as required 

Max. 
Size 

Max. 
Size 

3 

89 

100 

100 

LABORATORY REPORT ON ITEM 203 
(Embankment or Borrow) 

o PRELIMINARY 
o CONSTRUCTION 

Percent Passing 
1 3/4 3/8 #4 #10 

70 68 64 60 56 

87 81 75 62 

92 90 85 79 72 

#40 

38 

35 

50 

100 91 90 87 82 77 I 56 

100 99 97 94 90 76 51 

100 94 92 88 80 70 42 

100 

e~ 
84 77 67 44 

SAMP EN R' GAT S DE OF IBREACI 

100 69 66 57 49 40 24 

100 95 91 78 44 

100 95 90 77 48 

100 96 52 

100 95 84 60 

100 95 91 84 56 

100 90 90 85 80 73 46 

Field Sheet No. ___ ~_~______ ~___ _ 

Project No. J)ivisiol!()r_!l~_~_~r_!i~S0!lrces 
Location __~a~!!J::ak~J!~~ _______ _ 
District _ ..__._____Date_CJ.!Jl~~~_ ~ 

Lob Field 

Unified I Moist Moll, 
#200 

L L PI 
Closaification % % 

8 NV NP SP-SM 7.4 
7."1 

20 40 6 SM COL) 25.0 21.4 

10 NV NP SP-SM 10.6 24.2 

9 NV NP SP-SM 10.6 31.3 

26 56 I 13 SM 29.8 33.4 

7 N n. SP-SM 10 .5 20.8 

13 NV NP SP-SM 12.1 11:; ~ 

6 GP-GM 

21 NY NP SM 

26 26 1 SM 

9 NV NP SP-SM 

32 NV NP SM 

19 29 3 SM 

23 49 2 ~M 

o T-99 I] T ,180 
o Rigid Pavement 
[l Flexible Pavement 

18k EOLA 
Regional Faclor... 
ServiceabIlity Index.___ _ 

ArEt sp_c::iu' co...-...-os_vc _f"~~"~::"tant_ c~'lv8r's rooQ'd? 

3 

100 

100 

100 

100 

",,"'~' >,,]3, 

l.A80RAfOt!tY<ItEPOR't ()N-rtEU' 203 
(Embankment or Borrow) 

o PRELIMINARY 
o CONSTRUCTION 

Percent Passing 

1 3/4 3/8 1/4 1110 

98 98 88 75 57 

97 94 91 82 66 

100 I 97 94 80 

61 61 52 44 33 

100 98 90 67 

~ 
92 88 80 

1/40 

31 

38 

36 

15 

29 

59 

/Sam le}l 3 - N deptl iden1 ifica1 fion 01 

1/200 
L L 

9 NV 

12 NV 

13 NY 

4 NV 
I 

5 NV 

31 NV 

samp.J e saci • 

PI 

NP 

NP 

NP 

NP 

NP 

NP 

Class, and 
Group Index 

SP-SM 

SP-SM 

SM 

GW 

SW-SM 

SM 

o T-99 u T-180 
(] Rigid Pavement 

Moist R 
% Value 

Notes and Samples by [) Flexible Pavement 
18k EDLA _____.._ __ _ 
Regional Factor._________. 
Serviceability Index __ _ 

Are special corrosive resistant culverts req'd? 



SItl1" 01 Col~fom"!I 
THE RES(A.lkCES AGENC)' 


DEPARTMENT OF lOATER RESOURCES 


HYOROI~ETER AJU.LYSlS 
TlI4E READIHGS 


I HR. ~ ItIH. 


GIIAIN SIZE IN IIILLlIoIET£IIS 

CLAY OR SILT fiNES 

eM /' 
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CL j-'ir 
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.L'V 
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FIGURE .~di 
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DEPARTMENT OF 'IIoATER RESOURCES 
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Sample Iii o. 5L 9'9" 

Lab. No. 792-82 

Diameter of specimen 6 

Length of specimen 7. 

Area of specimen .1964 

Volume of specimen .1145 

Kt = ~L 

TJ-I.A 

Trial Wat~Time 
No. Tempo t 

C Min. 

CCNSTANT HEAD 
~~h}~ABILITY TEST 

Project ____~ 

Location __.. __ ____ ____ ; 
ooiOj 

Date 9, _, __ 

SaIIlple N o. 6L 11 '0" 

723-82 

Gs 1aJ Diameter of specimen 6 
Est. Det. 

inches 

inches 

sq. ft. 

cu.ft. 

Quantity 
"<. 

('~/~
V1.1 

BLE. NO 

• 
Quantity 

Q 

FTJ 

Dry weight 

Dry Density 

K20 = Kt 

Head 
h 

Inches 

10.9 

95.0 

Vt 
V20 

Kt 
Feet/day 

Ibs. 

FIGURE 8­

Length of specimen 7 

Area of specimen .1964 

Volume of specimen .1145 

QL
Kt= 

THA 

Trial Water Time 
No. Tempo t 

C Min. 

1 20 0 40 

2 20 0 45 

3 20 0 45 

AVERAGE = .70 feet/ 

CONSTANT HEAD 
PERMEABILITY TEST 

inches 

inches 

sq.ft. 

cu.ft. 

Quantity Quantity 
Q Q 

CM3 FT3 

10E) .0035 

100 .0035 

100 .0035 

I 

~ay = 8.4 in hes/day 

Project Div. of Water Resources 

Location Lawn Lake Dam 

Date 9/3/82 

Gs 
Est. Det. 

Dry weight 11 .4 lbs. 

Dry Density 99.3 lbs/cu.ft. 

-V 
t

K20 = Kt --v: 
20 

Head Kt K20 
h Feet/day Feet/day 

Inches 

6 .75 -.75 

6 .67 .67 

6 .67 .67 

FIGURE 8-31 



Sample N o. 2L 9'9" 

Lab. No. 792-82 

Diameter of specimen 6 
Length of specimen 1. 

Area of specimen .1964 

Volume of specimen .1145 

Kt = (";L- THA 

Trial Water Time 
No. Tempo t 

C Min. 

CCNSTANT HEAD 
P~~BILITY TEST 

inches 

Project ..........l:! 

Location _"" _._____ 
.... 

Date 9. ___ _ 

sample N o. 6L 11 rOlf 

793-82 

inches 

Gs 
Det ._1 Diameter of specimen 6Est. 

sq.ft • 

cu.ft. 

Qu:tntity 

"" C!,,(~ 

• 
Quantity 

Q 

FTJ 

Dry weight 

Dry Density 

K20 == Kt 

Head 
h 

Inches 

10.9 

95.0 

V
t 

V20 

Kt 
Feet/day 

Ibs. 

Ibs/cu. 

Length of specimen 7 

Area. of specimen .1964 

Volume of specimen .1145 

QL
Kt= 

TRA 

Trial Water Time 
No. Tempo t 

C Min. 
I 

1 20 0 40 

2 20 0 45 

3 20° 45 

AVERAGE = .70 feet/ 

CONSTANT HEAD 
PERMEABILITY TEST 

inches 

inches 

sq.ft. 

cu.ft. 

Qua.ntity Quantity 
Q Q 

CM3 '" FT-' 

10E) .0035 

100 .0035 

100 .0035 

~ay = 8.4 in c:hes/day 

Gs 

Project Div. of Water Resources 

Location Lawn Lake Dam 

Date 9/3/82 

Est. Det. 

Dry weight 11 .4 lbs. 

Dry Density 99.3 Ibs/cu.ft. 

- V 
t

K20 = Kt -v: 
20 

Head Kt K20 
h Feet/day Feet/day 

Inches 

6 .75 '.75 

6 .67 .67 

6 .67 .67 

FIGURE B-31 



Sample N o. 7L 13"'0" 

Lab. No. 794-82 

Diameter of specimen 6 

Length of specimen 7 

Area of specimen .1964 

Volume of specimen .1145 

Kt= 
QL 

THA 

Trial Water Time 
No. Tempo t 

C Min. 

1 21 0 21.75 

2 21 0 22.25. 

3 21 0 22.50 

4 21 0 22.50 

AVERAGE = 6.6 feet/ 

CONSTANT HEAD 
PERMEABILITY TEST 

inches 

inches 

sq.ft. 

cu.ft. 

Quantity Quantity 
Q Q 

CM3 FTJ 

500 .0177 

500 .0177 

500 .0177· 

500 .0177 

jay - 79.2 1~ches/day 

Project Div. of Water Resources -
Location Lawn Lake Dam 

Date 9/3/82 -
Gs --ESt. Det. 

Dry weight 12.4 lbs. 

Dry Density 108.3 lbs/cu.ft. 

Vt
K20 = Kt --v: 

20 

Head Kt K20 
h Feet/day Feet/day 

Inches 

6 6.96 6.75 

6 6.79 6.59 

6 6.72 6.52 

6 6.72 . 6.52 

-

FIGURE 8 .. 32 
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July 1967 

TRIAXIAL DATA SHEET TRIAXIAL DATA SHEET 
Sample No. 2L Project No. Div. of Water Resources 

No. 2L Project No. ____________Depth 5' 7" Location Lawn Lake Dam 
Location _____________Lab. No. 789-82 Structure 

Date cr9!K3'ii!'o.82::r------- Structure_________________Proving Ring Factor_______ Fac tor ________ Oate _____________________Tested By ___;...-._______ 

Height of Specimen______________________h .. 6.320 in_ 

Diameter of Specimen___________________d .. 2.850 in. 

Area of Specimen _____________________Ao ... 7854d2 .. 6.379 i~ 

Volum e of Specimen___________________Vo " Aoh----_.- 40.318 in.3 

Volume ot Specimen -:- 1728_________ye-_- .0234 tt.3 Moisture (as rec'd) 25.0 

Llquld Limit 40 
WI. Sample Wet + Tare__________________ " gms. 

Plastic Limit 34 
Tare___'_________ ~ _____ - gms. 

Plastic Index 6wt. Sample Wet ___________________________ ." 1083.4 gms. 
Color Brown Sand 

Wt. Sample Wet -:- 453.6_________________'" 2.39 Ibs. 

924.8Wt. Dry Sample Ws-----------------------" gms. Sieve Analysis 

158.6Wt. of Water gms. PaSSing 3" 100Ww ----------------------.. I- 87 
w • Ww IW -----_______________ • 17.15 % 3/4" 85s 

318" 81 
"'#4 75 

Ibs.In Place Density" Wet Wt./V ___________" o ~ </#10 ~ ft.3 
4'#40 35 

Dry Density'" I.D.II+w__________________" 87.1 fbs. </#'60
tt.3 

##200 20
Spe c i f i c Gravlty_________________________" 2.57 

Vw '" Ww x 3.534 X 10-5 __________________ " .0056 ft.3 Classification 

Vs " 5.G. x 3.53 x I 0-5 --- _______________ " .0127!t 4 ft.3 Visuo I .., .....01,[ .... ~...... 

.0107 ft.3 Corps. of Engineers _____-Vv .. Vo - Vs -------------------------------'" 


Degree of Saturation Vw/V _____________'" 52~3 
 % 

AFTER TEST RUN 


of Specimen______________________h '" 6.130 

in. 

of Specimen___________________d. 2.884 in. 

Specimen_____________________Ao ".7854d2 _ 6.533 

Speclmen___________________v • Aoh _____." 40.047 
o
 

of Specimen -:- 1728_________ye-_= .0232 
 ft.3 

Wet + Tare________•__________ - gms. 


Tare__________________ '" gms., 


Sample Wet. _________________________ ." 1211.2 gms. 


Sample Wet -+ 453.6_________________'" 2.67 Ibs. 

989.5Ws -__ ---------- ---------- gnts. 

Tested By ___________ 

in.2 

i~ 

Moisture {as rec'd)________ 

Liquid Limit __________ 

Plastic Limit __________ 

Plastic Index ____________ 

COlor ____________~_______ 

Sieve Analysis 

Water Ww ----__________________'" 221.7 gms. PaSSing 3- ____ 
1- ___­

w • Ww IW ____________________ • 22.4 % 3/4- ____s 
318- ____ 

##4lace DenSity • Wet Wt.lV ___________" Ibs.~ o .;'#10
ft.3 

4'#40
9400 l.!!!: ##'60ft.3 

4'#2.00Iflc Gravity_________________________ " 2.57 

Ww x 3.534 X 10-5__________________ ­ .0078 ft.3 Classlficatfon 
Wrl. x 3.534 X 10-5 __________________ " Visuol __________________00136 ft.3 

Vtj - Vs _______________________________'" ,,0096 ft.3 Corps. of Engineers ________ 

v AASHO -- e of Saturation Vw/Vv _____________= 81 % AASHO ____________________ 
,,84

Void Ratio e .. Vv/Vs ---------------------"'---- Ratio e .. Vv/Vs _____________________= .71 

FIGURE; '8-' FIGURE, B .... 37 
.;.. 
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DEPARTMENT OF HIGHWAYS 	 Page I RTMENT OF HIGHWAYS 
STATE OF COLORADO PageE OF COLORADO 
Materials Division rials Division 
Form DO H 161 DOH 161 
Jut, 1967 11 1967TRIAXIAL DATA SHEET TRIAXIAL DATA SHEET 
Sample No. 2L 	 Project No. Div. of Water Resources 2L Project No. ____________
Depth 5' 7" 	 Location Lawn Lake Dam 

Location ____________
Lab. No. 789-82 	 Structure Structure _______________Proving Ring Factor ________ 	 Date 9/r::i37i/8y2r------­

Ring Factor ________ 	 Date ____________________
Tested 8y __----.;_______ 

Height of Specimen______________________h" 6.320 in•. 

Diameter of Specimen___________________d" 2.850 in. 

Area of Specimen _____________________Ao -.7854d2 .. 6.379 i~ 

Volume of S peclmen ___________________Vo - Aoh-----." 40.318 in.3 

Volume of Specimen -;- I 72E! _________y.._\Ii .0234 ft.3 Moisture (as rec'd) 25.0 

Liquid Limit 40 
Wt. Sample Wet + Tare __________________ " gms. 

Plastic Limit 34 
Tare ____________ ~ _____ .. gms. 

Plastic Index 6 
wt. Sample Wet ___________________________ .• 1083.4 gms. 

Color Brown Sand 
wt. Sample Wet -;- 453.6_________________" 2.39 Ibs. 

924.8Wt. Dry Sample Ws-----------------------" gms. Sieve Analysis 

158.6Wt. of Water 	 gms. Passing 3" 100
Ww----------------------" I" 87 

17.15 % 	 3/4" 85 w .. Ww/Ws --------------------" 
318" 81 
';#4 75 

In Place Density" Wet Wt.lV ___________- 102.1 Ibs. .,.#10 62o ft.3 
';J:'40 35 

Dry Density" I.D.!I+w__________________" 87.1 Ibs. ;t,.t60
ft.3 20"'#200

SPe c if i c Gravl ty_________________________" 2.57 

Vw " Ww x 3.534 X 10-5__________________ '" .0056 ft.3 Classification 

Vs " 5.G. x 3.534 x I0-5 -_________________ " .0127~ 	 ft.3 Visual ............" 


.0107 ft.3 Corps. of Engineers _____-Vv " Vo - Vs -------------------------------" 


Degree of Saturation Vw/V _____________= 5203 
 % 

Tested 8y ____________ 

AFTER TEST RUN 

at Speclmen______________________h" 6.130 
In. 


eter ot Specimen___________________d" 2.884 
 In. 


of Specimen____________________.Ao ".7854d2 .. 6.533 in~ 


Speclmen ___________________v .. Aoh--- __.- 40.047 in.3 o 


of SpeCimen -;- 1728_________Y._" .0232 
 ft.3 Moisture (as rec'd) ________ 

Liquid Limit __________ 
Wet + Tare________•__________ - gms. 

Plastic Limit ____________
Tare___ - ______________ .. gms. 

Plastic Index ___________
Sample Wet __________________________ .• 1211.2· gms. 

Color _____________________ 
Sample Wet + 453.6_________________" 2.67 Ibs. 

W -______________________a 989.5s	 gntS. Sieye Analysis 

Water Ww ----- _________________" 221.7 gms. PaSSing 	 3" ____ 

1" ___­

w " Ww IW ---_________________ " 2.2..4 % 3/4" _____­s 
318" ____ 

';#4
Density • Wet Wt.lV ___________" 115.1 Ibs. 

o 	 ';#10
ft.3 

';#40Density" I. DJ 1+ w__________________a 9400 121: .;,.t60
ft.3 

elff c Grav Ity_________________________,,_=:.:.. "'#200') 57 

. ()()?8 Ww x 3.534 X 10-!5__________________ :a-..:;.;;...~_ ft.3 Classification 

!!:1s.G. X 3.534 x 10-5 __________________ :a_'--"'--_-()136 ft.3 Visuol ______________________ 

Vo - Vs _______________________________" _______0096 ft.3 Corps. of Engineers _______ 

v AASHO --	 Sl.3e of SatUration Vw/Vv _____________=___-..:_ % AASHO ____________ 

D84Void Ratio e " Vv/Vs _____________________" ____ Ratto e" Vy/VS _____________________"' ____.71 

FIGURE;. B­ FIGURE· 8"'37 
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VOIDS RATIO .84 

oCT= aT ;;:; 

TOTAL STRESSES: C ;;:; 

ttt1 : 

[tt 
I I I 

-

-
,.... - I- -. 

S \0 

PSI, ~ = 

TRiAXIAL DA-IA SHEET_____________• ___ ~c._______ ~____ 

o = SlN-1 TANoC 

a
C;;:; COS 0 

FIELD SHEET NO. 
PROJECT Div. of Water Resourced 
LOCATION Lawn Lake Dam 

-X REMOLDED SAMPLE 
UNDISTURBED SAMPLE 
UNCONSOLIDATED UNDRAINED (UU) 
CONSOLIDATED UNDRAINED (CU) 

X CONSOLIDATED DRAINED (CD) 

TEST RESULTS oCE;: 17.5 aE ;;:; 1 1 " .• 'f', 
___0 EFFECTIVE STRESSES: C ;;:; 1.4 PSI; S;;:; -18~4 0 

ff lE§ 

:ttlaE m 
Ai 

•R=t+ mff lft-

- --1----­ - - - I I

i~i=t=-t-­ - . - - . l±f± 
1S 20 

- -­ ,­ ~ -­ .. - -­ - - -
_.. - _.­ :h-­ 5 

30 35 40 

z:.. 
o. 

~~~~~~~~~~~~~~~.~~ 
W C> ttJ...(. ­ ..z \l' - '-Il (jJ - ~ b' -t:.- () ~. ~ 

......... v. .,.. 

--­

:-- 000 0 () 0 () 0 ~ 
-O:O~~~~~~;"'-O
U\ --t:.. (JIJ w,." ~ OJ 10 ~ - -

'I'­
~~(~ ::)) 

:'!. .., 
qJ) ll:i o.B 

..., 

;:p r;...~
:s-P 

" /I 
II /1 

S\~ ()'.,\)'. 

• w 
. . 

lJ....., ww 
U\..Q IU -..1 
CD _. ()..o
_ • .:s 

~. ~~.3 ... 



!!
 

D - ii :n
 

lJ • J.
t D
 

20
 

15
 

.­ ~
O
 

c:
r 5 -­0 C

l 

M
A

Tt
R

 It
\L

 S
 b

H
AN

C
H

 
WO

RK
 S

IiE
lT

 
NO

. 
(0

10
31

 )
41

 

SA
M

PL
E 

NO
. 

LA
B 

NO
. 

DE
PT

H 

W
ET

 
DE

NS
IT

Y 
DR

Y 
DE

NS
IT

Y 
M

OI
ST

UR
E 

SA
TU

RA
TI

ON
 

VO
ID

S 
RA

TI
O 

oC
T 

::: 

2
L

 

78
9-

82
._

-
­

5'
 7

11
 

10
2.

1 
PC

F 
87

.1
 

PC
F 

17
 .1

5 
%

 
5

2
.3

 
%

 

.8
4 aT

 :
:: 

TO
TA

L 
ST

RE
SS

ES
: 

C
 :::

 

It
 

-
-

-. 
,­

-
-

-
to

 

T
R

IA
X

IA
L

 
D

A
'IA

 
SI

IE
E

T
 

i1 
=

 S
IN

-1 
TA

No
C 

a 
C

 =
 

CO
S 

0 

FI
EL

D 
SH

EE
T 

NO
. 

PR
OJ

EC
T 

D
iv

. 
o

f 
W

at
er

 H
e
5
0
u
r
c
e
~
 

LO
CA

T I
ON

 
La

w
n 

L
ak

e 
D

am
 

-X
 R

EM
OL

DE
D 

SA
M

PL
E 

UN
DI

ST
UR

BE
D 

SA
M

PL
E 

UN
CO

NS
OL

I D
AT

ED
 l

IN
DR

A 
I N

ED
 

(U
U)

 
CO

NS
OL

ID
AT

ED
 U

ND
RA

IN
ED

 
(C

U)
 

~
CO

NS
OL

ID
AT

ED
 D

RA
IN

ED
 

(C
D)

 

TE
ST

 
RE

SU
L 

TS
 

oC
E:

:: 
17

.5
 

a E
 ::

: 
1

.1
 

.,
'.

 T
 

.' 

PS
I; 

i1 
=

 _
_

_
0 

EF
FE

CT
 IV

E 
ST

RE
SS

ES
: 

C
 =

 
1.

4 
PS

I; 
S 

=
 

'1
8t

4 
0 

' 

$ 

m
I 

-
-

-
-

-
, 

-
-

" 
" 

-
-

-
-

-
-

-
-

-
-

-
-

-
~
-

_. 
-

t5
 

2
0

 
2

5
 

ii
ii

ii
ii

ii
ii

ii
ii

ii
ii

ii
ii

ii
ii

ii
ii

ii
ii

ij
ii

ii
i.
.ii

Pi
(P

Si
} 

.3
0 

.3
5 

4
0

 

---
---

-­
...

...
...

...
...

...
...

...
...

.
<

A
J!

b
<

b
--

-(
) 

()
-D

()
.)

(0
0

1
. 

" 
.. 

. .
 ,... 

. 
. 

. .
 " 

5U
-t

:.
-\

.'D
W

O
:>

N
--

t.
IO

 U
J 
--t.

° 

-
. 

-
-

-
-

'­
('J

' 
...

. 
«

',
 
--

J 
C·

' 
V

I 
....c

. 
w

 
1" 

-
b

-
V

\ 
-t

. 
If

f 
{~

 
-
,
 

V
"
 

L.
. 

D . 

~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
 
~
~
 

U
J 

(
)
 4

;))
 .

..(
. 

­
" 

\l
' 

­
~

()
J 

-
..Q

 '
"'

" 
-t

:. 
­

()
 ~
,a
 

G
'
-
~

• 
• 

W
W

 
lU

 '
,J

 
(
)
-
o

 

~.
 ~

'"
 ....

....
... '" 

0
0

"
n

_
 

"
n

<
 

~~
 

o
~
 

"n
 

...
. 

0
::Z

: 
... 

m
~
 

e
n

»
....

.. 
)a

li
i 

...
. 

:8
 

m
:8

m
il
l 

2
­

C
)
0

_
c
 

2
:8

 

W
= 

wgraham
Typewritten Text
B-39



DIVISION OF WATER RESOURCES 

OFACE OF THE STATE ENGINEER 

BY, JI M /\/QRF="L E;;'T DATE 02.:T C) B I ?8~ 
TITLE 5ig,V7PL E No. '.L­ SHEET ;L OF _--""d""--__ 

STAGE III. 
R"UT Vo. D!:v'ATDR 5i1i:~'=ss DEPOR.,rlllrttllJ t,~)''';

(lb:.) (pSi) (il'1) 0/0 

0 0 0 0 A .t,.
("'e4. =~. 37~ ''1ft 

~ ~S.5 L/.O 0.00' 0.1 J Le~-I:lt .". ~.I Bt, 
3 'ib.o 7.~ 0. 0 I 3 D·d.1 
.:.J & 1.0 1'~ 0.020 0·3:1 
5' 7~.O 1/. 3 O • .;J ~ ~ O.'1~ 

~ ::1.0 1:2. 7 0.0362 0.5:1 
.." 33.0 13.8 ,:).039 o.i4/ 
~ 1'1.5 PI. B O.O'f4f 0.71 

11. 5 I~.(p C.050 'D.BI 
.::> 10'-1.5 1{",1 O.O~(P O.ql 
, I loq.5 /7. d.. o. o~ z... J .00 
z...... /1 3.:5 17.8 0.0!::-9 1./c:l 
13 I I 7.5 lB. ;.j 0.075 1.21 
I ..., l~I.O /9.0 0 .. 080 1.~'1 
IS' I;;; 5.0 1<1.Co a.DSS I.'-I~ 
/:'::­ Jell .. 0 ~.:J. 0.011./ I· s;t .... 

13~.O ~o.7 O. JOO ) • 10::(
! ' 
.;;< 135. 0 ~1.;l O. /Oft, J .71.­
, .) 13Q.O /9.,.8 o. If :t f •BI 
'. ' 
:.Q 1'-11.0 ~~.I 0.1/-1 I. 8 LI 

FIGURE 8- 39 
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DIVISION OF WATER RESOURCES 

OFFICE OF THE STATE ENGINEER 

BY Jlt:1 /'-L(JeFf... ~Ex:. 
TITLE ),<:)SrVl PL e No. '.l-

STAGE IlL 
Frill) r ))0. D:::.JJ/~TDR 5TleSSS DEPOR.tr1l1nt:IJI ~R)' ""' 

06:5) (psi J (il1) 0/0 

I 0 Q 0 0 

~ =' 5. '5 LJ.D 0.00; o. JI 
3 --1&.0 7. :J.. 0.013 o·~1 
.:J &1.0 Cf· b 0.020 0·3:1 
5 7:2.0 II. "3 O.O~~ o. L/:J... 
b SI.O !~. 7 0.0382 O.5;;t 
.., 

53.0 J 3. 8 :).D39 o.!.:,/ 
~ 7'1.5 pl. B 0.0'11./ 0.71 

11. 5 I ~. (p 0.050 '0.81 
.:;; 10'-1,5 If.. f 0.05(." O.ql 
IJ loq.5 /7. d.. o. O~ z.. ,.OD 
Iv J I 3. j 17.8 o.ot;:.q I • 1;2 
13 J I 7.5 18.'1 0.075 1.21 
I ..., 1-5; /. 0 J 9.0 0.080 1.~'1 
I~ I ~ 5.0 1'1.& a.DBB I.L/:J. 
/:.:­ 101.1.0 ~.~ 0.011 I· 5:l 
, .., 

J 3~.O ~o.7 O. iOO J.lo~I i 

':::< 135.0 g)l.~ O. 10'" J .71, ­
, .) 1:3 q. 0 ~1.8 O. I t ~ I •eI
'. I 

:.0 ii..fI.O ~~.I D.I/., J. BLJ 

DATE Q.,!.. T f1 8 I 98;J. 

SHEET si. OF ~ 

A .t,..
<"" ea.. = t:. 37<1 ,., 

Le~th -= ~.18~ 

FIGURE 8- 39 
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FIGURE e.. 41 

DEPARTMENT OF HIGHWAYS 
STATE OF COLORADO 
Materials Division 
Form DOH 161 
July 1967 

Page 

TRIAXIAL DATA SHEET 

Sample No. 5 L 
Depth 9' 9" 
Lab. No. 792-82 
Proving Ring Factor _______ 

Project No. Div. of Water Resources 
Location Lawn Lake Dam 
Structure 
Dote --"/9'i':/M3'ii/8i'V2;-----­
Tested By ___________ 

Height of Speclmenn_u __ -. __ uu__ u ___h a 6.350 In~ 

Diameter of Specimen___________________d. 2.850 in. 

Area of Specfmen _____ • _______________Ao -.78S4d2 _ 6.379 r~ 

Volume of Specimen_____ ._. ______ • ____v 
o 

• Aoh _____.­ 40.507 in~ 

·Yolume of Specimen -:- 1728_________Y._'" .0234 ft.3 Moisture (as rec'd) 29.8 

. Wt. Sample Wet + Tare_______ • ___._. ____ '" 

Tare_. ________________ -

Wt. Sample Wet ___________________________ ... 

Wt. Sample Wet -:- 453.6•• _. _____________'" 

Liquid Limit 56 

Plastic Limit 43 

Plastrc Index 13 

gms. 

gms. 

1222.8· gms. 

2.70 Ibs. 
Color Black Silty Sand 

Wt. Dry Sample W 
s 
-.­ ___ • ________________'" 942.1 gftls. Sieve Analysis 

.,. of Water, 
Ww ______________________a 

280.7 gms. Passing 3· 100 

29.8 % 
I­ 99 

3/4­ 97w • Ww/Ws ------.-_.__________ "' __..;...__ 
318­ 94 

11 ;:;.4 Ibs. 
ft.! 

88.9 Ibs. 
ft.3 

2.5!L 

.:tJ:'4 90 
-tJ:'10 76 
-tJ:'40 51 
-t#60 

-tJ:'200 

Place Density .. Wet Wt.lVOuu______... . < 7 

• c If i c Gravi ty_____________________ •___ .. ____..;;.. 

Density .. I. 0.11 + w_. ________________: 

26 

- Ww x 3.534 )( 10-5 ________________ ._ .. __......:....:­.0099 ft.! Classification 

.0131- ~. x 3.534 )( 10-5 ______ ._ •• _______ ." __-'-_ ft.! Visual Black Silty Sand 

.0103 ft.3 '" Vo - Vs _. ______ • __ • _________•_________'" _____ Corps. of Eng'neers ________ 

of Saturation Vw/Vv _____________'JI 9~ % 
AASHO ____________ 

.79Ratio e .. Vv/Vs ________ • _________ •__" ____ 

FIGURE' 8-42 
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FIGURE B- 41 

DEPARTMENT OF HIGHWAYS 
STATE OF COLORADO 
Materia Is Divis ion 
Form DO H 161 
July 1967 

~mple No. 5 L 
Depth 9' 9" 
Lab. No. 792-82 

TRIAXIAL 

,.proYing Ring Foctor _______ 

DATA 

Height of Speeimenu ____ u _____ unnu_h 8 6.350 In. 

Diameter of Speeimen___________________d. 2.850 In. 

Page 

SHEET 

Project No. Div. of Water Resources 
Location Lawn Lake Dam 
Structure 
Dote --r9"7""31-n8~2.------
Tested By ___~_______ 

Aria of Specimen _____________________Ao 8.7854d2 - 6.379 in~ 

Volume of Specimen___________________V 
o 

" Aoh----_.­ 40.507 in~ 

"'Volume of Specimen + I728uu ___nY._'" .0234 ft.3 Moisture (as reeld) 29.8 

Liquid Limit 56 
Wet + Tore__________________ 8 gms. 

Plastic Limit 43 
Tore__________________ 8 gms. 

Plastic Index 13 
Wet._________________________ -." 1222.8 gms. 

Color Black Silty Sand 
Wt. Sample Wet + 453.6_. _______________" 2.70 Ibs. 

Wt. Dry Sample Ws----------.------------'" 
942.1 ljilns. Sieve Analysis 

Wt. of Water Ww----------------------" 

w " Ww/Ws --------------------" 

280.7 gms. 

29.8 % 

Passing 3" 100 
I" 99 

3/4" 97 
318" 94 

In Place Density" Wet Wt.lVo-----------" 

Dry Density" I. 0./1 + w__________________= 

5 ~ Ibs.11 .­ ft.3 

88.9 Ibs. 
ft.! 

.:t.t4 90 
-1.tIO 76 
-7.t40 51 
-1#60 

-1.t200 26 
Spe c if Ic Gray i ty____________________ -­ ___ " 2.54 

" Ww x 3.534 x 10-5 __________________ 8 .0099 ft.3 Classification 

!.t"2 0- 15 
.. 5.G. x .J.534 x I ------------------" 

.0131 ft.3 Visual Black Silty Sand 

" Va -Vs -------------------------------" 
.0103 ft.3 Corps. of Engineers _______ 

ree of Saturation Vw/Vv _____________" 96. t % 
AASHO ________________ 

.79Id Ratio e z Vv/Vs _____________________=____ 

FIGUR E' 8-42. 
.:­
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SAMPLE NO. 5L 

LAB NO. 792-82---,---_.---- ­
DEPTH 91~" .0 : SIN-1 TANC£ 

FI ELO SHEET NO. 
PROJECT Div ••t Water Resources 

LOCATION Lawn Lake Dam 

WET DENSITY 
DRY DENSITY 
MOISTURE 
SATURATION 
VOIDS RATIO 

115.4 
88.9 
29.8 
96.1 

.79 

PCF 
PCF 
% 

% 

C = 
a 

COS e ~ 

~ 

REMOLDED SAMPLE 
UNDISTURBED SAMPLE 
UNCONSOLIDATED UNDRAINED (UU) 
CONSOLIDATED UNDRAINED (CU) 
CONSOLIDATED DRAINED (CD) 

oCT: 20.7 aT = 1.2 TEST RESULTS oCE = 32.3 aE =~ 
TOTAL STRESSES: C = 1.3 PSI; ~ = 22.2 0 EFFECTIVE STRESSES: C = 0.0 PSI; B= 39.2 0 
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DIVISION 0' WATER RESOURCES 

OFFICE OF THE STATE ENGINEER 

BY s}Zt!:l UQ.Ii:.f£.I..:E,C- r. 	 DATE a-~r. P..:l; Iq8~ 

TitlE ~((OLC' AJa, SL 	 SHEET / OF I 

5..,..,:;c;; ::::;. r:.' ­
~'rJT" tJO. DS'tIlAT'OR. S'TRES.s D&F'O~MIiTIOU t:lx'AL. 5TRJHrJ Po,eRi'5~ 

C/bs) (psi) ( i,,) (%) (p~i) 

I a 0 0 0 0 ,qR.~1i -::. '.37 
:) 2'1 3.8 D.OJ3 0.:10 0.8 t....EAJC::1TH :: 

3 '10 ~.3 o .O;'d. 0.35 I. (P 
LI 50. !5 7. '1 0.030 	 0."-17 ;;. D 
5 57.5 ~.O 0.038 	 0.60 J.eL 
& 	 61./.0 )0.0 t>.0"/4;, 0.7:;' tt..'-I 


,.,., (.,
7 69.0 10.8 o.05Lj 	 0.85 c.. 
8 .74/·0 II." D. o(o~ 0.98 g;.6, 

q 78.0 I~. :J. O. OfJ, ~ J.o'1 ~.& 


STAGS OIL 

0 0 0 0 0 
~ 4-0 ',3 0·013 O. 21 ~.O L=-AJ<:;.,TH: 
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5 )00 IS.7 0.0 t.f? 0·78 0.1 
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19·8 J .5'1 7. c.e,
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;./ I ::J ~ I cr. I 0.037 O·tOD 8.L.j 
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.I ~..., 0
/ 7;;.5' 0< O. aGo 5 1.00 I ::>J 	 I. 

7 J '73.5 30.3 0.085 	 J. 38 14.8 

1 / "If
~ ~O7.0 3;).5 o. /0' 	 ;",,0 
" " 

1 ~ J 7.. 0 34. D C>. I I to I .. 8B J{s;.'1 

iO t;{)7.o 3'5.tD ..). i 3~ ~.I 1/ J7.0 

/1 :: 35'.0 3b.8 c). 1"17 :;;.3'1 I 7.. 1-/ 

I~ ;;'/5.5 38.6 O. I" 7 ~.71 J 7. L/ 

13 ~oo.O ljO.O 0 .. JB7 03.0"/ 17, 'I 

i1 :1.r., 3.5 '11.3 O~;;O3 3.3) I 7. '7 
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LAWN LAKE DAM 

FAILURE INVESTIGATION 


SLOPE STABILITY ANALYSIS 


APPENDIX C 


TIlE MODEL 

Transverse Cross-Sections of the dam were developed from data provided by the U.S. 
Geologic Survey. A drawing of the right and left side sections are presented in 
Figures C-l and C-2. A third drawing was developed from the left and right side 
cross-sections to depict the configuration at the maximum section. The length of 
the outlet was obtained from a report by Mr. Jaycox dated September 22, 1903. Old 
photos were used to assist in developing the maximum section. The drawing of the 
assumed maximum section at the outlet is shown in Figure C-3. 

The stratigraphy of the embankment stability model was constructed from geological 
mapping of the adjacent sections performed on July 22, 1982 (See Figure A-I). 
Similar materials were grouped together and the same shear strength was assigned 
to layers having similar properties. The backfill around the outlet was assumed to 
be the same native material as the first layer above the glacial moraine. A list 
of the assigned properties for the model are presented in Table C-l. 

TIlE STUDY 

The Bishop method was used to determine the stability of the Lawn Lake Dam. The 
computer program uses an approximate form of the limiting equalibrium approach 
developed by Bishop. The program estimates the factor of safety for a circular arc 
slope failure of an embankment. The factor of safety is defined as the ratio of 
the resisting forces to the driving forces. Hence, a factor of safety greater than 
1.0 implies a stable structure. A factor of safety equal to 1.0 implies a state 
of balance equalibrium. This program has a search routine which examines numerous 
failure arcs until the minimum factor of safety is found. 

To complete the embankment model previously discussed, a phreatic water surface had 
to be estimated. It was assumed that the steady state phreatic water surface would 
be similar to one which develops in a homogeneous dam. While this is not a true 
representation of the actual phreatic water surface, it is considered adequate for 
an initial evaluation. 

The m1n1mum factor of safety was found to be 0.586 for the first assumed phreatic 
water surface, as shown on Figure C-4. Because the factor of safety is less than 
1.0, the dam would be unstable with a phreatic water surface as depicted. 

The first model obviously was not a normal operating condition because it would be 
unstable. The first reaction was that perhaps the dam did not store water long 
enough to establish the level of the assumed steady state. The test data, however, 
indicates the coefficient of permeability for the major portion of the embankment 
was 0.7 feet per day. Assuming a coefficient of 0.7 feet per day, it was estimated 
that steady state seepage would develop within a period of 20 days. A review of the 
storage records compiled by the Division I hydrographers shows the reservoir was full 
for about 2,000 consecutive days between 1959 and 1965, providing sufficient time to 

-2­

steady state seepage. Therefore, other factors which affect the level and 
the steady state must have been present. 

on the results of the initial study, we then, assumed that the structure had 
drainage. Internal drainage would cause the phreatic water surface to be 

than first assumed. 

OC-39, showed a rock fill in the downstream portion of the embankment. 
graphs taken during the 1979 inspection show the toe of the dam was covered 

rockfill around the outlet, but the depth of the rock can only be surmised. 

performed to determine the phreatic water surface which has a 
factor of safety near 1.0. Results of the second study are shown in Figure 

with the phreatic water surface which produced a minimum factor of safety 

se inspection of photographs No. A-l and A-5 in the geologie section (Appendix A) 
this report, reveal a phreatic water surface nearly equivalent to that shown on 

gure C-5. The phreatic water surface shown in the photographs, support the assump­
that the toe was drained. 

of the slope stability analysis indicate the dam was near impending fail ­
for the assumed conditions. Comparing the phreatic water surface in the photo­

(A-l and A-5, Appendix A) with the phreatic water surface shown in Figure C-5 
distinct similarities. Records also show the reservoir was full for several 
ve years; sufficient time to establish the state of seepage presented on 

C-5. Because the dam was near a state of impending failure, a small imbalance 
resisting forces or additional driving forces could cause failure. 

imbalance in the resisting forces could be attributed. but not limited. to an 
rease in pore pressure within the embankment. An increase in pore water pressure 
be a result of an increase in the reservoir, height above any previous maximum 

el, or a leaking outlet system. A leaking outlet would transfer the pressure of the 
ervoir to the point of the leak. For Lawn Lake, a leak near the valve or in the 

ion of the pipe upstream of the valve would significantly increase the potential 

failure. 

a consideration of the slope stability analysiS, a leak in the outlet 
_.'....-tem could erode a void within the embankment due to the highly erodible nature 

the material from which the dam was constructed. If a sufficiently large void 
eloped, the embankment above the void could collapse. A collapse of any portion of 

embankment would lead to instability of the remaining embankment and the total 
lure of the dam. 

increase in the driving forces could have also led to the failure of the dam. 
large snowbank for instance, on the slope, would effectively add a surcharge 

ght to the embankment. This would seem unlikely in July, although snowdrifts were 
observed near the right toe of the dam and downstream on the right side of the river 
channel as late as July 8, 1982. Also, the melt water from a snowdrift could satu­

te the embankment. A saturated downstream slope would have increased the potential 
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Transverse Cross-Sections of the dam were developed from data provided by the U.S. 
Geologic Survey. A drawing of the right and left side sections are presented in 
Figures C-l and C-2. A third drawing was developed from the left and right side 
cross-sections to depict the configuration at the maximum section. The length of 
the outlet was obtained from a report by Mr. Jaycox dated September 22, 1903. Old 
photos were used to assist in developing the maximum section. The drawing of the 
assumed maximum section at the outlet is shown in Figure C-3. 

The stratigraphy of the embankment stability model was constructed from geological 
mapping of the adjacent sections performed on July 22, 1982 (See Figure A-I). 
Similar materials were grouped together and the same shear strength was assigned 
to layers having similar properties. The backfill around the outlet was assumed to 
be the same native material as the first layer above the glacial moraine. A list 
of the assigned properties for the model are presented in Table C-l. 

mE STUDY 

The Bishop method was used to determine the stability of the Lawn Lake Dam. The 
computer program uses an approximate form of the limiting equalibrium approach 
developed by Bishop. The program estimates the factor of safety for a circular arc 
slope failure of an embankment. The factor of safety is defined as the ratio of 
the resisting forces to the driving forces. Hence, a factor of safety greater than 
1.0 implies a stable structure. A factor of safety equal to 1.0 implies a state 
of balance equalibrium. This program has a search routine which examines numerous 
failure arcs until the minimum factor of safety is found. 

To complete the embankment model previously discussed, a phreatic water surface had 
to be estimated. It was assumed that the steady state phreatic water surface would 
be similar to one which develops in a homogeneous dam. While this is not a true 
representation of the actual phreatic water surface. it is considered adequate for 
an initial evaluation. 

The m~n~mum factor of safety was found to be 0.586 for the first assumed phreatic 
water surface, as shown on Figure C-4. Because the factor of safety is less than 
1.0, the dam would be unstable with a phreatic water surface as depicted. 

The first model obviously was not a normal operating condition because it would be 
unstable. The first reaction was that perhaps the dam did not store water long 
enough to establish the level of the assumed steady state. The test data. however. 
indicates the coefficient of permeability for the major portion of the embankment 
was 0.7 feet per day. Assuming a coefficient of 0.7 feet per day. it was estimated 
that steady state seepage would develop within a period of 20 days. A review of the 
storage records compiled by the Division I hydrographers shows the reservoir was full 
for about 2,000 consecutive days between 1959 and 1965. providing sufficient time to 
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tablish steady state seepage. Therefore, other factors which affect the level and 
ent of the steady state must have been present. 

on the results of the initial study, we then, assumed that the structure had 
ernal drainage. Internal drainage would cause the phreatic water surface to be 

first assumed. 

OC-39, showed a rock fill in the downstream portion of the embankment. 
graphs taken during the 1979 inspection show the toe of the dam was covered 

rockfill around the outlet, but the depth of the rock can only be surmised. 

second study was performed to determine the phreatic water surface which has a 
factor of safety near 1.0. Results of the second study are shown in Figure 

with the phreatic water surface which produced a minimum factor of safety 

inspection of photographs No. A-I and A-5 in the geologic section (Appendix A) 
this report, reveal a phreatic water surface nearly equivalent to that shown on 

igure C-5. The phreatic water surface shown in the photographs, support the assump­
that the toe was drained. 

ONS 

of the slope stability analysis indicate the dam was near impending fail­
assumed conditions. Comparing the phreatic water surface in the photo­

(A-l and A-5, Appendix A) with the phreatic water surface shown in Figure C-5 
distinct similarities. Records also show the reservoir was full for several 
ive years; sufficient. time to establish the state of seepage presented on 

C-5. Because the dam was near a state of impending failure, a small imbalance 
resisting forces or additional driving forces could cause failure. 

imbalance in the resisting forces could be attributed. but not limited. to an 
increase in pore pressure within the embankment. An increase in pore water pressure 
can be a result of an increase in the reservoii height above any previous maximum 
level, or a leaking outlet system. A leaking outlet would transfer the pressure of the 
reservoir to the point of the leak. For Lawn Lake, a leak near the valve or in the 
portion of the pipe upstream of the valve would significantly increase the potential 

for failure. 

Although not a consideration of the slope stability analysis, a leak in the outlet 
system could erode a void within the embankment due to the highly erodible nature 
of the material from which the dam was constructed. If a sufficiently large void 
developed. the embankment above the void could collapse. A collapse of any portion of 
the embankment would lead to instability of the remaining embankment and the total 

failure of the dam. 

An increase in the driving forces could have also led to the failure of the dam. 
A large snowbank for instance, on the slope, would effectively add a surcharge 
weight to the embankment. This would seem unlikely in July, although snowdrifts were 
observed near the right toe of the dam and downstream on the right side of the river 
channel as late as July 8, 1982. Also, the melt water from a snowdrift could satu­
rate the embankment. A saturated downstream slope would have increased the potential 
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for failure. This phenomenon is not uncommon for high mountain dams, especially 
those dams having a steep downstream slope inclination. A case in point is the re­
cent surface slide on Yamcolo Dam. 

In summary, for the conditions analyzed, the Lawn Lake Dam by today's standard did 
not possess an acceptable factor of safety against a sliding failure. Current de­
sign practice requires a minimum factor of safety of 1.5 for reservoir embankments 
like Lawn Lake. A factor of safety of 1.5 would preclude failure when minor changes 
in the resisting or driving forces occur. 

TABLE C-l 

Soil Number InElace DensitI . Cohesion 

A 


B 


C 


D 


E 

FOUNDATION 

(Glacial I:·loraine) 

(PCF) (PSI) 

121.7 0.0 

102.1 1.4 

123.5 0.0 

115.4 1.3 

120.0 0.0 

135.0 100.0 

• 

~ 
(DEGREES) 

30 

18.4 

32 

22 

32 

45 

TAN <P 

0.577 

0.333 

0.625 

0.408 

0.625 

1.000 
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those dams having a steep downstream slope inclination. A case in point is the re­
cent surface slide on Yamcolo Dam. 

In summary, for the conditions analyzed, the Lawn Lake Dam by today's standard did 
not possess an acceptable factor of safety against a sliding failure. Current de­
sign practice requires a minimum factor of safety of 1.5 for reservoir embankments 
like Lawn Lake. A factor of safety of 1.5 would preclude failure when minor changes 
in the resisting or driving forces occur. 
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~J:a:.t:.e .o-f <!tD.L:rraba LAWN Till-I<.!:! FtmZ:p.Vo IR • 
L.G . CARPENTER 

» -- -........ rl 

lloTATE ENGINEER 

Denver, Colo., sept. 22nd, 1903. 

Pro~essor L.G.Carpenter, 

OFF ICE. 

Dear 8ir: ­

This reservoir is be1ng rna/.l.e by Olll.are;lng tfle co:pnclty OJ.... n 

natural lake, by pluoln.g an eartll dmn :lcross the outlet. 

" R. 1V and 
. 

is at. t lirtbar lL,s. The f'ormation is mormmtal ruld appea.rs ::;ui":rioi~mtlY 

consolidated to i'or!!r a P\~ctloallY tie;llt reoe:rvolr. 

A trench has oel:'n cut through the barl'1er to a depth that will. . 

give fourteen feet of water above the flOW llne of the outlet pi~e 

level of the sI>ill\T8.Y. The outlet plpe is 36 Inclles in dlaJ!teter, of 
d:-.~ 4.."f't

3/16 sheet steel, taper buil~" EUtl:are;emeM seams double =ivete~;., 

seans single l'iveted. It ~7as brou:a;ht mn the Braund In lJ.~ f't. ll?lnctlls 1 ar.d 

.f"ield riveted 1J1. place in tl-:l::l t:-encll. A lir.;Il.t ';T~ight Lu.dlo\T gate valve 

S6 inches in diameter i3 Placed at or ncar tl'l.e centFlr line of the dam; 

48 feet of' pipe being above and 36 feet of' pipe being belo\'1 the valve. 

'.:1415 valve rests on a stone foundatlon, Is iiO 'he placed ill U :lOlld. maSS 

OJ..... (;onc::oete across tho trench, to H h~l[!llt to tIle bot torn oi' '..l'P!>~r cc.sing 

of' valve. 

TIle pipe :13 placed in ~ eoncrato bed 8 inclles thick across tlte 

tu.ll width of tIle t:-ench, nnd embedded in concrete to the height or tile 

center for its ent1:re lel'lgtll, mtd covered·vdtll foUJ:" inches of concrete, 

placed around the upper half', above the valve. 

TIle l)ll)~ \'HlO leade·! into the ~/aJ.ve uslng hot lead, and c:?ul::::ed.• 

.jil'a:.t:.e .o-f <!t",rluraba 
L.G. CARPENTER L.G.C. 

lloTATE ENGI NEER 

-;d­
• 

The embankment to be o~ looce rock and earth, the loo~c rock 

being stones from the excavation for Bpll~7ay, and gathered ~rom the sur­

face, having a slope of about 1 to 1 dn tl1.6 back, and steeper on the upper. 
f'ac~, being lland placed, 'uId a top Width of' f'1ve feet. The en~..tll part io 

to have a Slope of' 4: to 1, rip-rapped, and a top Width o~ rive feet. A 

small pOrtion of the loose rock };'art and almost none of the e?.rtl1 eMbank­

ment was in place ut tnl.:l tl1~ or InOTJec~ lone 

The 'Pipe and valve ':rere In Place, the concrete round::t ion and) 
rsldes completed, and tlle lend poured arou.'ld the !,lipe \Yhen I arrlved on \ 

,
ground. 1...../ 

lola and. Dyck.erlloff cement vlere used. The work. vias be1."lgdone 

Company, and what I saw was well dor~. 

Instructions were given as to the method of fOrmingthe earth 


emb~1Onent, and to step back. the sldes of tlle trench when filling It. 


The ins'Pectlon"';1Q.s made SG!)tember 9t!1 nne. lOt~l, 1903. 


The creatl!el' was :3nowy and cold and probably but 11tt le more 
•
i70rk o:.m be done here this sens on • 

"';> 

/': i.,:""""'J
, • .(:.~'2~~-'''' 1-'''''''~ 

r- 1. - -7

G-. / V":"'~\.(1_,...,. /' /"::::, . .::"____ ~l/ 
~ r..;, .. ~ ~ ........... ~~ 
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~1;:1:,b .O'E Qj;.O'larM.O' 
L.G. CARPENTER 

STATe eNGINeER 

Pro~essor L.G.Car~enter~ 

OFF ICE. 

Dear 8ir:­

LAWN I:.AlCE RES:::P.VO IR • 

....­ rl-
Denver, CO~o., Sept. 22nd, 1903. 

This reservoir is being 1'I'W.•J.6 by onJ.ar~ing tne capacity oJ.... a 

natura~ lake, by Placing an eartIl daln a.cross the outlet. 
- ~( , .. 

It is situated in Section T'p. R. '.V and 
. 

is at.t.lirtbs:, lin3. The format ion is morDlllllal and appears ::;u:f:f"ici~mtlY 

conso~idated to t'or!!r a p,~ctioa~~y tight reservoir. 

At.rench has b~'n cut throueh tIle barrier to a cler>th that will , . 
give fo~een feet of water above the f~ow ~ine of the out~et pipe to the 

~eve~ of' the spillway. The out~e t pille is 36 inches in diameter, of 
~~~~ 

3/~6 sheet steel, taper buil~, eR~arGeme~ seams doub~e ~ivet , 

sen.ns sing~" J.'1veted. It ~7as brought &n the ground in lH f't. lanc~lls, and 

rie~d riveted 1:n p~ace in tho t:.-encll. A ~iGllt '3f"!1gl1t LUd~o\,. gate valve 

36 inches in diameter is p~aced at or ncar the oentar line of' the dam; 

48 feet of llille being above and 36 feet o~ pipe being be~OYI the va~ve. 

~1l15 va~ve rests on 0. stonc fO\ll'l.dation, is i~o be placed ill a 30~id. :nass 

OJ..... oonc:-e·te across tho trenoll, to l.! hel~llt to tIle bottom oi" u.p!,,~l' cc.sing 

of va~~e. 

The pipe is p~llced in ~ <:oncreto bed 8 inclles thicl\. u.crOS3 the 

:t"u.l1 width of the t::rench, f1..nd embedded in concrete to the he1eht or the 

center :for its ent1:!::'e lel"!,gtll, and cove:red.w1th four inches of concrete, 

placecl around the upper ho.~, o.cf;ve tlle valve. 

'i'lle IJil)d i.,no lead'9'i into tIle '1a.lve 'J.sing hot ~ead, and c:?ul~:e~l. 

fl1;:.tf:.e J.1E Qj;.td.r;rrM.O' 
L.G . CARPENTER 

STATE eNGINEER 
L.G.C. 

-2­
• 

The embankment to be o~ ~oo:e rock and earth, the ~oo~e rock 

being stODeS from the excavation for api~~,ay, and gathered from the sur­

f'ace, having a s~o'Pe of about 1 to ~ dn the back, and stee'Per on the upper. 
f'o.c~ ,beinZ hand p~aced, '100 a top width of' f'1ve feet. The enrtll part is 

to have a s~ope of' " to 1, rip-rapped, anll. a top width of five feet. A 

srna.l~ l.lOrtion of the loose rock :Part and almost none of' the enrtll eMban..it­

ment was in place ut th~ time or inorJeo~lon. 

The pipe and valve ':1ere in p~ace, the concrete found:'!.t lon and) 
('

sides comp~eted, and the ~end poured arou."1d tIle pipe \vllen I arrived on \ 
, 

the ground. \"../ 

Io~a o.nd. DyckerIlof.f' cement \'Iere used. Tlle work vias be1...'1gdone 

by the Company, and what I saw was we~l done. 

Instructions were given as to the method of formingthe earth 

emban.1Qnent, and to step back the sides of tIle trench when t'i~l1ng it. 

The inspect ion "IIQ.S made Se:ptember 9t!1 nne. ~OtIl, 1903. 

The neatr~r was ~nowy and co~d and probab~y but lit~le more 
•

nork c~m be done here this sen.a on. 

""'J
I': /., '_........., .. 

" "'-Z--1.~ t;....<:........ ,....... ""c... ~ 
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APPENDIX E 


INVESTIGATION OF THE 


FAILURE OF LAWN LAKE DAM 


STATEMENTS OF WITNESSES 


OBTAINED BY THE 


NATIONAL PARK SERVICE 


.. 

{.~aMum 


From: 

Suitjeet: 

··rJrq/,
If'\. ! 
j i __ 
(,r ~James D. Har}Ster.t Puitlic U!ai..""'S Officer i\.. 

La:wn take Oa:l failure in !oclq Mouc.tain lf2II 

u~ le~ at the 1L!:ior.al ittiee of the tawn ta.k., daa tailure an Thursda3', 
Jul.3' 15.. 19~, tive representatives ot the !O drove to ~ites Parle and !!t.oc:lq 
MounI:.ain III beadqnarters. The .croup included Jim lta.ndall, !Ul Mekeel, !on 
Hermance and Curt Mene!H oL the Solicitor's Office. 

We reaehed JlBrk head~arters v.ia the Maz7's Lake road. throu:h residential areas 
o£ Sstes Pa.--!< that had esca~ all nocd daca.:e. 

A.t pa.....Jc headquarters at aitouf; 12:15 p.::zt., we met wit.h Su~ri:tteruient Chat Brocks, 
Assistant Su:perintendent J~'Il Cod.,lt and Chief !an:er Dave 3ssex. The,. cttered. 
a recapitulation of' the da7' s events, co:rzm:tncinc at 6:26 &.:1. lIhen an -talO18e 
o~ the 1-1 'l'rash Serviee arertecl parle lBadquarters from the Icsm I.a.ke trailhead 
that a !Loed EIIler&enq' app!a.red to ., headinC down lloarinc tiTer arut Fall ltLver 
toward the Aspm:].en C..y.round. 

It. aPfeareti at the ti:IIII that OI1e Steven See at Hilitert, Wisconsin, lIIU missi.nc and 
prelIII1DlIId dead, mel. that as 1!II!.n1' as 1 or tit other persons vere tmaccoan:t.ed tor, 
1Dcl~ .3 from. the J.s~en CamJlCrOtmd. Two muers of the park statt had 
suttered :injuries. the worst of th_ a lIroken ankle (Jack Gartner). 

?wo b.el1copters l:ae! Hen chartered tram Cantinenta1. :D1T1de lIIl.icopters. Lt. Gov. 
'Kanq Dick lBel iteen to the cit,. and the)l8rlc. Superlnteadent!rocks had Hen in 
touch td.th an aide to Kepresentative Hank l!ro'Wn, and etforts were unier "tI81' to 
olrtafn itrid,es froa the ArIlf3' Corps of ~eers to prcrlde access to areas C'.J;t 
ott .,. noochm.tars ana .,. roy failures. 

lhe park staff indicat'!d. that eme Dcr.a7 Ianson (Hansen?), a rese.uoch nsistant to 
Dave Stevens, had visitf!d tawn Lake on WednesdaJr.t Jul.y 14. (the da;?' F"!vious) and 
reportad that there Was ccxt3:!.,iera.~d water o#ernowin& tbit dam'. s}dll:..r81'. There 
a,parmtlT ,W8.S DO "asOD' to ... concerned tor the.satety at. the dam at:. the.: t1met, . '- ~,;' '. '.> ........... _..~f
however." '~ ..' ~ 

,". , ...-~.. 

IUl }lasel cpot~ one Alan (Allen?) Pearson (Pierson?) ~ the state .in:ineers' 
titiee that the flam bad last Men inspected in A.u,.rust 197!. 

(In a tele:phone call .,. ifa.rJSter to H:Uca Bau,her at aitout 1 Pe!I., !au:h!tr aclvise<l 
tha.t O'm Wash:1n,.rton Ittice re:ported. aD w,ectioa q llDidenti.fied SoU Conservation 
Serrie. e.pl81fMS ell .l)IE'U 30. 19aI.. hrther. !auchln:' saicl an indirlduaJ. lad call.e4. 
hi* filril'lC tbt :aom.1:nc to sq he (the tad:L"I':I.dual) vas at. the dam. .. 1'hu:osda;r, Jul.7 
a, aDd bat o .... erved. three -tal."'lJ2r tnes· st1'!lUlinC1d.th a Tal...... c:urs1nc and. tu..i.n.c 
allout ita stu.itomness. fhel' told b:la,. he saitl,. that the 'f'alve was trtrick;r.-l" 

\ 

http:st1'!lUlinC1d.th
http:tmaccoan:t.ed
http:1!II!.n1
http:missi.nc
http:Aspm:].en
http:1L!:ior.al


APPENDIX E 

INVESTIGATION OF THE 

FAILURE OF LAWN LAKE DAM 

STATEMENTS OF WITNESSES 

OBTAINED BY THE 

NATIONAL PARK SERVICE 

{.~lDdum 

~qI
:/1 __ 
(i~', :Froan 

Su.ject: 

James D. iar~tar, Pu.lie Ufairs Ot.ticer 

Ia.wn IaIce 0&:1 tailure in !t.oclq Mountain 1f1t 

O',on 1earnir.c at the !ite:ior'.al if'tiee or the Lawn. Ia.k~ da:.a tai1ure an Thursda.;r, 
Jul.7 1;, 191!2, tive re!ll"esentatives ot the !O drove to lsees Parle and ltoclQ' 
Hountain W:P beadqnarters. The .crou:!l included Jim 1t.a.nda.ll" !ill Mekeel, !en 
Hermance and Curt M'ene.tee oL the Solicitor'3 Office. 

We realhed }I:1rk headquarters ua the Mary'r.l I.ake road throU&h residential areas 
at Sstes Pa...."'"k that had escaJW!d all noo::l dama.;:e. 

A.t pa....-fc headquarters at alllout 12:1; ,,.2., "We met 'Wi:~h Su}l8r1."1tendC1t Chet )rocks" 
Assist.:mt Sup!rintendent Jim Godilo1t and Chiet !an,:er Dave 3sse.x. The,. atfered. 
a recapitulation ot the c:Ia7' s events, colllDencinc at 6:26 a.:. men an. emplo,ee 
ot the .A.-l 'l'n..sh Sel"'l'iee aI'erted pa..""k: hElaclquarters trom the Ie:wn ta.ke trailhead 
that a floal sercenC7 ap~ared to lie headi.nC down 1toarinc tiver and 'all !iver 
toward. the As,enclen CaIL"round. 

'I"t appeareti at the t.:f..8I that one Steven See at Hil.ert~ VisCOIlS1n, was missinc am 
prelll1lll!d clead. and.. thai; as maJl7 as 1 or It other persons were unaccoanted tor, 
1nclud1nc 3 mm. the J.spmtLen Camxround. '1'1e lD!uers ot the ,ark statt had 
suttered. mjaroies" the ..rat ot the a lIroken ankle (Jack Gartner). 

!1io b.el1cop;ers bid. 'Hal chartered t1'011I Continenta1 D1:r.tde lIel.1copters. Lt. Gc:nr. 
Sanq Dick 1:ael Meo. to the city and the}lBJ:'k. SUJlerinteo.dent!rooks had Men in 
touch 1d.th an aide to !epresentatift lfank !rolilD., and efforts wre under wa:t' to 
ollta1n md,es troll the A"t"J41' Car,s ot Enf1neers to :prcrl.de access to areas cut 
ott .,. .Q.ooci';Qtars an • .,. rOd tai.l'tl1"9s. 

~ ,!I8rk statf indicated. that one Dar.a::r laDson. (ffansen?), a rese:u-ch a:nistant to 
Oave Stev,ens, had vis!t.o!d Lawn Lake on Wednesda,y, Jul;y 14. (the day F~v.lOUS) and. 
reported that there Was cOlU:!'dera~a water afernow:t.n: tba>. dam's s:p1ll~. There 
a':pe....-sntly.was DO reasoD' to lie- concerned. tOr the, safety at. the clam at. the, t.i.a:e , 
howenz". .", ./: \; ,/ "./ ",-' .f' 

IUl l4'ekeel cpat~ one Alan (Allen?) Pearson (Pierson?) at the sta.te qiMers' 
effiee that the d.arJ. bad last lIIeen :1nspectt!d in AD..rust 197!. 

CIA a telephone call ..,. H'a.rJster to Hlke Bau,her at aitout 1 p.s., !au.:~r aATi,sed 
that ~ W'ashin,.rt.on It.tice re:ported aD wpeetica it,y l1Diclenti.tied SoU Consenatioa. 
Service e.plCJ1fJeS CD .l)IE'U .30" 19aI.. la:rther". !auchft> sa:1cl an ind1rld.ual bld cal.lecl 
h1* CriDC tba 1I01'!l.i:Jc to SlIT he (the individual) was at the dam. .. 'ftwrsdalT" Jul7 
s, md ba4 oMel'Ted three -tarmer tTJIIIs· strtlulinclllith a val..... " «:arsine cd tainc' 
a~ ita stultlllomness. !hq told b:I.w., he saifi. that tha 't'al.ve was "tr.lckT.-)· 



ORGANIZATION (J'ARK' NAME _~W_""_' __'H SUPPLEMENTARY CASc.INCIDEtH RECORD 

Rocky Mountain National Park ORGANI'::;ATION {llABKl NAMt=. eA';1 IINCIL)I. N I 
NUMBER 

r--,----,r---,----,­
LO~ATION OF INCIDENT. Hocky MOnD tn j n ~Ja ti ooa] Park 18 12 1U 16 12J_J_I_ 

Same 01 71 11 51 8!. LOCATION OF INCIDENT. DATE O~~NCIDE~~ YR 

NATURE OF INCIDENT" ~ Same [0 17 11 15 18 12 ! 
NATURE OF INCIDENT" Flood 

COMPLAINANrS NAME COMPLAINANrS ADDRESS 

Statement - Ranson P.O. Box. 1567, Estes Park, CO 80517 
RESULTS OF INVESTIGATION 

I arrived at Lawn Lake Patrol Cabin Monday, July 12, 1982 at 9:30 p.m. 
and stayed until approximately 3:00 p.m. Wednesday, July 14. During that 
time I was making observations of the bighorn sheep as part of the research 
for Rocky MountaiD National Park. Since I was not interested in the lake 
or dam I did not spend much time observing the lake, dam or spillway. 
Wednesday morning, around 8:00, when I filled my water bottle from the 
spillway, I noticed that it was full and the volume of water was that of 
a river the size of the spillway. It was approximately a foot deep. The 
lake was full and, with the wind from a front that passed through, the 
waves were breaking on top of the dam. This lasted about an hour. As to 
the level of the water on the dam and any seepage or flow of water below 
the dam, I did not notice anything at all. Other than a rain Tuesday 
afternoon, there was no significant amount of precipitation during the 
time I was there. The ground was soggy around the lak~ from the runoff 
and the frequent rainstorms this summer. 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S ADDRESS 

Statement - Kenneth Franks 1986 Flickinger Hill. Woorster. OH 44691 
flESULTS OF INVESTIGATION 

:..-.-:.= 

I was fishing off Spillway corner of dam last evening and quit at 8: 45 P.M. Waves ';o,'l:re 
2 feet high. wind strong, a small amount of debris in spillway area, water going over 
spillway OK - not high. I awoke after midnight (sometime) I could hear a roar that 
I thought was the wind. I went to fish at 7: 30 and found the dam broken. The peop) , 
who camped at Lawn Lake last nIght are OK. One campsite is vacant -(not used.) 

I saw no other hikers after a family of four- man. woman, 2 children they had water 
bottl~~ only, and said they had to pick up their son at th~ YMCA Camp at 4P.M. W~ 

met them at Lawn Lake at 1 P.M., the last time. I think they got out O.K. 
\ 

I saw no people other than those accounted for at Lawn Lake campsite this A.M. 

SUBMITTED BY ISIGNATUae AND DATE) 

/5/ Kenneth D. Franks 

• 

oveD BY (SIGNATURE AND DATE) 

;/IS!3'2... 



ORGANIZATION lPARKI NAME 

Rocky Mountain National Park 
INCIDENT RECORD 

e/\,;I ilNCllJI N I 
NU~J18E R 

LO~ATION OF INCIDENT. 
....... ...... I IR- Hocky MQJlDtiJln ~1.1tiooaJ park rls-'I-z--.'-o--,.I-6----,I-u f-;j
Ii..........: t f""'\"""~I_.1 -.- ...................... . . _ . _---1 __

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANTS NAME COMPLAINANTS ADDRESS 

Statement - Donay Hanson P.O. Box.ls67, Estes Park, CO 80517 
RESULTS OF INVESTIGATION 

I arrived at Lawn Lake Patrol Cabin Monday, July 12, 1982 at 9:30 p.m. 
and stayed until approximately 3:00 p.m. Wednesday, July 14. During that 
time I was making observations of the bighorn sheep as part of the research 
for Rocky Mountain National Park. Since I was not interested in the lake 
or dam I did not spend much time observing the lake, dam or spillway. 
Wednesday morning, around 8:00, when I filled my water bottle from the 
spillway, I noticed that it was full and the volume of water was that of 
a river the size of the spillway. It was approximately a foot deep. The 
lake was full and, with the wind from a front that passed through, the 
waves were breaking on top of the dam. nus lasted about an hour. As to 
the level of the water on the dam and any seepage or flow of water below 
the dam, I did not notice anything at all. Other than a rain Tuesday 
afternoon, there was no significant amount of precipitation during the 
time I was there. The ground was soggy around the lake from the runoff 
and the frequent rainstorms this summer. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S NAME 

COMPLAINANT'S AOORESS 

Statement - Kenneth Franks 
flE:;ULTS OF INVESTIGATlON 

1986 Flickinger Hill, Woorster, OH 44691 
'-'--­_.._-­

I was fishing off Spillway corner of dam last evening and quit at 8: 45 P.M. Waves t;..ll:re 

2 feet high, wind strong, a small amount of debris in spillway area, water going over 
spillway OK - not high. I awoke after midnight (sometime) I could hear a roar that 
I thought was the wind. I went to fish at 7: 30 and found the dam broken. The peopJ. 
who camped at Lawn Lake last night are OK. One campsite is vacant -(not used.) 

I saw no other hikers after a family of four- man, woman, 2 children they had water 
bottles only, and said they had to pick up their son at the YMCA Camp at 4P.H. We 
met them at Lawn Lake at I P.M., the last time. I think they got out O.K. 

\
I saw no people other than those accounted for at Lawn Lake campsite this A.M. 

SUBMITTED BY ISIGNATU/iE AND DATEI 

/s/ Kenneth D. Franks 

• 

aVED BY ISIGNATURE AND OATEI 

7/15/3 'L 



SUPPLEMENTARY CASE/INClDENT RECORD 

ORGANIZATION (PARK) NAME 

Rocky Mountain National Park 
LOCATION OF INC:i)ENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S AODRE!:>S 

Statement - Joanne Franks 1986 Flickinger Hill, Wooster, OH 44691 

RESULTS OF INVESTIGATION 

(Site #7-1 @Lawn Lake) 
We left Lawn Lake trailhead mid morning for overnight camping at Lawn Lake. We arr~ , 
approx. 2 PM & set up camp, which took an hour. 

After setting up camp, we hiked up to Crystal Lake, which took an 1 1/2 hr. Stayed 
at Crystal for 1/2 hr., then headed down. we got caught in a rain storm, which lastv;i 
a short time. Arrived at campsite around 5 PM & started to prepare supper. My hush 
went to the lake to fish. Supper finished & cleaned up by 7:30 PM. We noticed 1 
fellow camped nexted to us. Approx. 9 PM we turned in. During the night I heard 
sounded like a freight train, & just thought a storm was whipping up, & fell back to 
sleep. It wasn't until approx. 7:30 AM that we realized the dam had broken. When 
the helicopter landed there were 3 more peopl~ appear who had also camped. 

We met no one on the way to Crystal Lake. 

SUBMITTED BY tSIGNATUAE AND DATEI PPAOVE;D/Y (SIGNATURE AND 

/s/ Joanne Franks 4J~ ~r;;i.)- _ 

SUPPLEMENTARY CASE/INCIDENT RECORD 
. ORGANIZATION (PARK) NAME--- .---------. ---------­ .. ­ - CMSEJiNC-IDENT··­

NUMBER 

Rocky MQunc<;I,:l,n National Park I3 I 2 I 0 I 6 I 0 j 
I ___ __ ._

LOCATION OF INCIOENT, 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S ADDRESS 

Statement- Debra J. Franks 129 Mi11haven Ct., Richmond, VI 23233 
RESULTS OF INVESTIGATION 

We left lawn lake Trailhead at 10:05 AM 7/14/82: parents, brother (23), brother's 
girlfriend (-23), myself. Slowly hiked up trail with frequent rest stops. People 
passed on the way: one young male on way out with fishing pole (no pack) low in 
hike (still in aspen); middle aged male fishing in creek farther up; family of four 
(father, mother, two children of elementary age) on way up to lake for day hike (S.l 1\ 

they had to be back to YMCA by 4:30-saw them at 12:30PM still on way up); single malt' 
on way up to lawn for overnight; man and woman on way down (we passed them at l2:JOPM); 
two young m~n at lake at dam looking like they were there just for day hike; family 
of three (small child, hUSband, wife) also camped at lake. Reached campsite 2PM, 
set up camp. Hiked up to Crystal Lakes and back to camp by 5PM. Cooked supper, 
father fished, in bed 8:30 PM. Sometime after 9:30(10?) heard extra roar (we thought. 
was wind). Slept - didn't know lake was gone until up at 8:00 &~. 

SUBMITTED BY ISIGNATURE AND DATE) 

/s/ Debra Joanne Franks 7/15/82 

• 

AND DATEI 

O:r/tt"/rL 



-------------_. ­ ~------- -
ORGANIZATION (Pi\AK) NAME 

Rocky Mountain National Park 
LOCATION OF INC:OENT. 

Same 
NATURE OF INCIDENt 

Flood 
COMPLAI NANT'S NAME COMPLAINANT'S AODRESS 

Statement - Joanne Franks 1986 Flickinger Hill, Wooster, OH 4469] 
RESULTS OF INVESTIGATION 

(Site #7-1 @Lawn Lake) 
We left Lawn Lake trailhead mid morning for overnight camping at Lawn Lake. We arri' 
approx. 2 PM & set up camp, which took an hour. 

After setting up camp, we hiked up to Crystal Lake, which took an 1 1/2 hr. Stayed 
at Crystal for 1/2 hr •• then headed down. We got caught in a rain storm, which lastl;' 
a short time. Arrived at campsite around 5 PM & started to prepare supper. My husba 
went to the lake to fish. Supper finished & cleaned up by 7:30 PM. We noticed 1 0 

fellow camped nexted to us. Approx. 9 PM we turned in. During the night I heard 
sounded like a f~eight train, & just thought a storm was whipping uP. & fell back to 
sleep. It wasn't until approx. 7:30 AM that we realized the dam had broken. When 
the helicopter landed there were 3 more people appear who had also camped. 

We met no one on the way to Crystal Lake. 

SUBMITTED BY (SIGNATURE AND DATE) 

lsi Joanne Franks 
(SIGNATURE AND DATE) 

/~~d~ ¥"s;;fd-­ __ 
j 

SUPPLEMENTARY CASE/INCIDENT RECORD 
OAGANIZA.TION !PARK) NAME -----.----- --.-------- ­ - OEN-T--­

NUMBER 
Rocky MQunt<;l,:i.n National Park [3]} I0 16 IU: J 

LOCATION OF INCIDENT. DATE OF INCIDENT 

MO I DA ,;: 
Same [0 I7 1 15 r 8:-;­

NATURE OF INCIOENT' 

Flood 
COMPLAINANT'S NAME 

COMPLAINANT'S AOORESS 

Statement- Debra J. Franks 29 Millhaven Ct., Richmond, VI 23233 
I 

RESUL. TS OF INVESTIGATION 

We left lawn lake Trailhead at 10:05 AM 7/14/82: parents, brother (23), brother's 
girlfriend (-23), myself. Slowly hiked up trail with frequent rest stops. People 
passed on the way: one young male on way out with fishing pole (no pack) low in 
hike (still in aspen); middle aged male fishing in creek farther up; family of four 
(father, mother, two children of elementary age) on way up to lake for day hike (S'III! 

they had to be back to YMCA by 4:30-saw them at 12:30PM still on way up); Single mall' 
on way up to lawn for overnight; man and woman on way down (we passed them at 12: 30P~l) ; 
two young men at lake at dam looking like they were there just for day hike; family 
of three (small child, husband, wife) also camped at lake. Reached campsite 2PM, 
set up camp. Hiked up to Crystal Lakes and back to camp by 5PM. Cooked supper, 
father fished, in bed 8:30 PM. Sometime after 9:30(10?) heard extra roar (we though!. 
was wind). Slept - didn't know lake was gone until up at 8:00 ~~. 

.SUBMITTED BY !SIGNATURE AND DATE) 

/s/ Debra Joanne Franks 7/15/82 

• 

AND DATEI 

07/t~/fL 



SUPPLEME:HTARY CASE 'IHC1DENT RECORD 

ORGANIZATION (I'AHK) NAME. 

Rocky Mountain National Park 
LOCATION OF INClOENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S NAME ICOMPLAINANT'S ADD"AESS 

Statement - Kerry Franks 11986 Flickinger Hill, Wooster, OH 44691 

nESULTS or- INVESTIGATION 

Camped @Lawn Lake 7/14 wlFranks party. 

At 2-4 AM (7/15) I awoke and heard a roar. At that time I assumed it was just wind, 
however, I thought it strange that the tent was not fluttering. 

In the morning (8-9 AM) I saw the dam had broken. Camp was packed up and left via 
helicopter. 

SUBMITTED BY (SIGNATURE AND DATE) AND DATE) 

lsi Kerry Franks . 7/15 

SlIPPLEMEHT ARY CASE':INC1DEHT RECORD 

OHGANIZATION lPARK) NAME i" C,;Sl;IIN(';IlJENT 
i NUMBER 

Rocky Mountain National Park 1___ '['8-''1'2-1'0........."~ ,,; 
LOCATION OF INC!OENT. I CATE OF INCIOENT 

MO DA YF 

Same I 10 17 h Is 18 J~__ 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S ADDRESS 

Statement - Thomas Gunnin 878 S. Dexter #302, Denver, CO 80222 
RESULTS OF INVESTIGATION 

Started at Lawn Lake trail head 10:30 am 7-14-82. Met several parties coming dOWTl ,i" 

trail as I was going up. Met party of husband & wife & two children (about 10 yr. 
old). They were hiking for the day. Also met them at lake they were heading back 
down (about 2:39 pm) Their son was climbing Baker wi the YMCA.Also met party of 5 
that also camped at Lawn Lake. Arrived at Lake at 2:30 pm. Met 2 young met at daJn 
(I believe they were from Illinois). They were getting ready to head to the bottom. 

I woke up at 3:30 am (7-15-82) & heard a roaring noise (which I assume was the 
river after the dam broke) I got up at 6:50 am & noticed the Lake was ~ower. I 
went to the dam, seeing it was washed out. Met Dave Box at dam & watched the river 
waShing out the river bed. 

• 

SUBMITTED BY (SIGNATURE AND D.ATE) ~PRoveD/?'(SIG:ATURE ANO O~TEI , 

lsi Thomas A. Gunning 7115/82 4"_~ 7/~_..l-____ 



SUPPLEMEtHARY CASE'itKJDENT RECORD 

ORGANIZATION (P}l,HK) NAME 

Rockv Mountain National Park 
LOCATION OF INCiOENT, 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S AODRESS

COMPLAINANTS NAME 

986 Flickinger Hill, Wooster, OH 44691
Statement - Kerry Franks 

RESULTS OF INVESTIGATION 

Camped @Lawn Lake 7/14 wlFranks party. 


At 2-4 AM (7/15) I awoke and heard a roar. At that time I assumed it was just wind, 

however, I thought it strange that the tent was not fluttering. 


In the morning (8-9 AM) I saw the dam had broken. Camp was packed up and left via 


helicopter. 


SUBMITTED BY (SIGNATURE AND DATE) 

lsi Kerry Franks. 7/15 

SlJPPL EMEtH ARY CASE/INCIDENT RECORD ---_._--_..---------.-----.----. -- ._ ...._.. 
i" Ci\~l::J1Nt..:I!Jt:NTOflGANIZATION [PARK) NAME I NUMBER 

Rocky Mountain National Park l__l'--s""'--.h-""'b---'..~_ 
DATE OF INCIL)ENT 

• I 
MO DA yQ 

LOCATION OF INC!DENT. 

8Same 
NATURE OF INCIDENI 

Flood 
COMPLAINANTS NAME COMPLAINANTS ADORESS 

Statement - Thomas Gunning 1878 S. Dexter #302, Denver, CO 80222 
RESULTS OF INVESTIGATION 

, 
, ~ t.Started at Lawn Lake trail head 10:30 am 7-14-82. Met several parties coming dOWTi 

trail as I was going up. Met party of husband & wife & two children (about 10 yr. 
old). They were hiking for the day. Also met them at lake they were heading bad 
down (about 2:~0 pm) Their son was climbing Baker wI the YMCA.Also met party of 5 
that also camped at Lawn Lake. Arrived at Lake at 2:30 pm. Met 2 young met at dWll 
(I believe they were from Illinois). They were getting ready to head to the bottom. 

I woke up at 3:30 am (7-15-82) & heard a roaring noise (which I assume was the 
river after the dam broke) I got up at 6:50 am & noticed the Lake was Lower. I 
went to the dam, seeing it was washed out. Met Dave Bux at dam & watched the river 
washing out the river bed. 

• 

SUBMITTED BY (SIGNATURE AND DJlTE) ~PRoveD//tsla:ATURe AND D~Tel 

/sl Thomas A. Gunning 7115/82 ___ _ ~_~"""'- ¥/~_...l-



SUPPLEMENTARY CASE/INCIDENT RECORD 

OflGANIZATION !PMtKI NAME 

Rocky Mountain rlational Park 
LOCATION OF INCiDENT. 

Same 
NATURE OF INCIDENT' 

Flo 
COMPLAINANTS NAME 

Stat - Jeanne Jones 
RESULTS OF INVESTIGATION 

COMPLAINANT'S ADDRESS 

650 Prospect St. 
Shreve, OH 44676 

We arrived at the campsite at about 2:10 & set up camp. We then hiked up to Crystal 
Lake at got back - 5:30. Ate supper, went to bed. About 9:30 we were talking about 
the noise which sounded like high winds to them but it sounded like a distant waterfa 1 

to me. During the night I woke up periodically & the noise had increased but there 
was no wind hitting the tent. At 8:00 we checked out the path; the dam broke right 
where the spillway had been. -100 feet: aw.o.y from the break was a big rusty wheel lodr,';' 
among some rocks & 1/4 mile away was a big metal cylinder lodged among some pine 
trees on the left bank. The helicopters thcn bcgan to circle. 

SUBMITTED BY (SIGNATURE AND DATE) 

/s/ Jeanne Jones 6/15/82 

BY (SIGNATURE .~NO-OATEI 

l ) I S-J ~ '2..­...,.--...;..-­

N 1\ liON At I' t\f<K ';E i~\!; CE 

SUPPLEMENTARY CASE/INCIDENT RECORD 

ORGANIZATION (I'ARKI NAME 

Rocky Mountain National Park 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAI NANTS NAME 

Statement - Mag~ie Box 
RESULTS OF INVESTIGATION 

COMPLAINANTS ADDRESS 

CASE/INCIDENT 
NU.IBER 

r-,---r----,..--,:---r-O-~ 

1510 N. Choctaw Ave. Claremore, OK 

We started out Monday to Roaring River Camp site. Camped there Mon & Tue nights. 
Started up the trail on Wed around 10 a.m. Saw nothing unusual. We pasted a part:, 
of four (man women 2 teenage girls) on the trail. Ncar the last switch backs. 
The man told my husband they were going to camp where ever because they were tired. 
My husband got up around 6 a~m. Thurs morning to walk. He saw the dam had broken. 
He took pictures of the water levels. At 6 a.m. the sound from our campsite was lil~" 
a train engine. 

SUBMITTeD BY ISIGNATURE AND DATE) 

/s/ Maggie Helton Box ~/15/82 

• 

LD~DO;;rft~ 



SUPPLEMENTARY CASE/INCIDENT RECORD 
ORGANIZATION (J'MIKI NAME 

Rocky Mountain National Park 
LOCATION OF INCIOENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANTS NAME 

Statement - Jeanne Jones 
RESULTS OF INVESTIGATION 

COMPLAINANTS ADDRESS 

650 Prospect St. 
Shreve, OR 44676 

We arrived at the campsite at about 2:10 & set up camp. We then hiked up to Crystal 
Lake at got back - 5:30. Ate supper, went to bed. About 9:30 we were talking about 
the noise which sounded like high winds to them but it sounded like a distant waterfa l 

to me. During the night I woke up periodically & the noise had increased but there 
was no wind hitting the tent. At 8:00 we checked out the path; the dam broke right 
where the spillway had been. -100 feet- aw<J.Y from the break was a big rusty wheel lod!?,!:" 
among some rocks & 1/4 mile away was a big metal cylinder lodged among some pine 
trees on the left bank. The helicopters thun bugan to circle. 

SUBMllTEO BY (SIGNATURE ANO O,o.TE) 

/s/ Jeanne Jones 6/15/82 
o BY (SIGNATURE AND-OATEI 

l ) Is-j ~ '2:: 

N A liON At I' "folK ';l: i~,V; CE 

SUPPLEMENTARY CASE/INCIDENT RECORD 
CASEJINCIDENT 
NLMBER ,_--.-_..._-,---. 

r--1 0 13 

ORGANIZATION (PARK) NAME 

Rocky Mountain National Park 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANTS NAME COMPLAINANTS ADDRESS 

Statement - MaggJe Box 1510 N. Choct<J.w Ave. Claremore, OK 
RESULTS OF INVESTIGATION 

We started out Monday to Roaring River Camp site. Camped there Mon & Tue nights. 
Started up the trail on Wed around 10 a.m. Saw nothing unusual. We pasted a part:, 
of four (man women 2 teenage girls) on t.he trail. Ncar the last switch backs. 
The man told my husband they were going to camp where ever because they were tired. 
My husband got up around 6 a~m. Thurs morning to walk. He saw the dam had broken. 
He took pictures of the water levels. At 6 a.m. the sound from our campsite was lll~.~ 
a train engine. 

SUBMllTEO BY (SIGNATURE AND DATE) 

lsi Maggie Helton Box ~/15/82 

• 

LD~_DD;;rft~ 



OIlC;ANILA r ION (I'rdlKI NAML 

Rocky Mountain National Park 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S ADDRESSCOMPLAINANT'S NAME 

P.O. Box 179, Coos Bay, OR 97420Statement - Ann E. McMann 

RESULTS OF INVESTIGATION 

I was camping with Margaret Brault and early in the morn. Margaret awakened me by 
saying "What's that noise?" - listened a moment and could only think it must be 
thunder - I unzipped tent flap & Margaret saw a "Wall" of water and said it's a 
flash flood and I could only see a dark portion of the river coming downriver above 
us. I grabbed my sweater & Margaret & I ran out of the tent & ran to higher ground" 
above us. We stopped up higher on the hill to turn around & watch the river, mud 
{:, rocks "boiling" past uS & filling portions of the flat part of Roaring River C.G. 
He looked back and could see the tent & packs were untouched - we waited longer ­
trees were falling, rocks were making great noise - then when things seemed to be 
stabler (possibly 45'-60'?7) we went back to the tent site and gradually hauled part 
of gear to higher ground. We looked toward C.S.#l (saw nothing, saw no one - walked 
up to overlook above the Horseshoe Park - watched helicopters, park service trucks 
thru bincos - went back for packs (Margaret went back 1st) & decided to wait above 
RR.C.S. area in case Park Service came there - about 11 A.'1 2 men camping at Up. Chipii 
came thru - we all four walked to flat river bed - too fast to cross - all four went 
back up Ypsilon Trail to clearing above Valley - walked downhill clearing area - saw 
Park Ser. persons on E. side of river - told us to go downstream - walked to flat 
bottom valley - met there by 2 Park Servo men & 1 women - arranged copter to take us 
to Park Hdqtrs. 

SUBMITTED BY (SIGNATURE AND DATE) APPROVED BY (SIGNATURE AND DATE) 

lsi Ann E. McMann 7/15/82 

SUPPL EMENT ARY CASE INCIDENT I~ECORD
--_._---"--­

llIIC;ANILAIIUN (l'f\itKI NAME. i (;)\:;1 :INClld NI 
NUM!:JEH 

1r- ----'-\6---'-10'Rocky Mountain National Pack L 8 -'-1-2-'--10 iJ 
LOCATION OF INCIDENT, DATE OF INCILlENT 


, MO ,DA Y'1 


Same fO 17 11 \5 18 .~_'
NATURE '-O-F-'-N-C-ID-E-·N-T-:-' 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S ADDRESS 

Statement - Daniel Sumita 6047 S. Campbell, Chicago, IL 60629 
RESULTS OF INVESTIGATION 

Hiking from the Lawn Lake trailhead up to the Ypsilon Creek Campsite our party 
encountered two twenty year old males w/backpacks in shorts (no shirts) who passC'. 
us up on the trail. Later walking toward us (at the trailhead) we passed one Silo Le' 
male hiker, later another single male, and then a group of four (two females and 
2 males. Once at the trail split we passed 3 males and a female sitting on th~ 
bridge. Once at the campsite we built a fire had dinner and went to bed. At abldll. 
6: 20 AM all in our party was awakened by a loud tree breaking thunder, by the tj.lll12 
Wl! looked out the first surge of water was 50 feet from our tent sending trees CC<JOiI. 

downward along/w tons of earth and boulders water and debris also reached our tent 
as we scrambled uphill with the first pieces of gear we could grab when we finally 
realized the danger was over near our tent we pulled our gear and tent up the hi"l! 
and watched the destruction. 

• 

, APPROVED BY (SIGNATURE AND DATEISUBMITTED BY (SIGNATURE AND DATE) 

lsi Daniel Sumita 7/15/82 ::A{Ut/~ cJhvn./Y1c))"1 J /15/0 ~ 



OllliANILA liON lI'ldlK) NAMI. 

Rocky Mountain National Pnrk 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT" 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S ADDRESS 

Statement - Ann E. McMann P.O. 

RESULTS OF INVESTIGATION 

Box 179, Coos Bay, OR 97420 

I was camping with Margaret Brault and early in the morn. Margaret awakened me by 
saying "What's that noise?U - listened a moment and could only think it: must be 
thunder - 1 unzipped tent flap & Margaret saw a "Wall" of water and said it's a 
flash flood and I could only see a dark portion of the river coming downriver above 
us. I grabbed my sweater & Margaret & I ran out of the tent & ran to higher ground" 
above us. We stopped up higher on the hill to turn around & watch the river, mud 
& rocks "boiling" past us fa filling portions of the flat part of Roaring River C.G. 
We look~d back and could see the tent & packs were untouched - we waited longer ­
trees were falling, rocks were making great noise - then when things seemed to be 
stabler (possibly 45'-60'?1) we went back to the tent site and gradually hauled part 
of gear to higher ground. We looked toward C.S.Hl (saw nothing, saw no one - walked 
up to overlook above the Horseshoe Park - watched helicopters, park service trucks 
thru bincos - went back for packs (Margaret went back 1st) & decided to wait above 
RR.C.S. area in case Park Service came there - about 11 Al.'1 2 men camping at Up. Chip;,· 
came thru - we all four walked to flat river bed - too fast to cross - all four went 
back up Ypsilon Trail to clearing above Valley - walked downhill clearing area - saw 
Park Sere persons on E. side of river - told us to go downstream - walked to flat 
bottom valley - met there by 2 Park Servo men & 1 women - arranged copter to take us 
to Park Hdqtrs. 

SUBMllIED BY (SIGNATURE AND DATE) 

Is/ Ann E. McMann 7/15/82 
APPROVED BY (SIGNATURE AND DATEl 

su PPLEMENT ARY CASE, INCIDENT RECORD 
C/\:.I ,'INCII,j N

OIHjANILAllUN O'I\iIKl NAMI. NUMtlEH 

'-\8--rl-z ""T'li}--r"6-.-r-~]-'Rocky Mountain National Pack 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT' 

DA TE OF INCliJENT 
, MO ,DA 

fO 17 11 15 \8 
'(;q 

[2 

Flood 
COMPLAINANT'S ADDRESSCOMPLAINANT'S NAME 

6047 S. Campbell, Chicago, IL 60629Statement - Daniel Sumita 
RESULTS OF INVESTIGATION 

Hiking from the Lawn Lake trailhead up to the Ypsilon Creek Campsite our party 
encountered two twenty year old males w/backpacks in shorts (no shirts) who passe'· 
us up on the trail. Later walking toward us (at the trailhead) we passed one S:LJ 

male hiker, later another single male, and then a group of four (two females and 
2 males. Once at the trail split we pe.ssed 3 males and a female sitting on th~ 
bridge. Once at the campsite we built a fire had dinner and went to bed. At abll" L 

6: 20 AM all in our party was awakened by a loud tree breaking thunder, by the tj.llie 

we looked out the first surge of wa.ter was 50 feet from our tent sending trees cC;J~,;i 
downward along/w tons of earth and boulders water and debris also reached our tent 
as we scrambled uphill with the first pieces of gear we could grab when we finally 
realized the danger was over near our tent we pulled our gear and tent up the hLI '! 

and watched the destruction. 

• 


. APPROveO BY (SIGNATURE AND DATE)SUBMITTED BY {SIGNATURE ANO DATeI 

/s/ Daniel Sumita 7/15/82 ):AQ.lv~ ~./r1c)n -;If '5/0 ~_ 



------

SUPPLEMEtHARY CASE/INCIDENT RECORD-------.--.. ----. 
ORG..:: "lIZlI.TION (PARK) NAME 

kRockv I10untain 
LOCATION OF INCIDENT. 

Same 
NATURE: OF INCIDENT" 

Flood 
COMPLAINANrs ADDRESSCOMPLAINANrs NAME 

Moraine Route. Box 1994 
Laurie Shannon 7 

RESULTS OF INVESTIGATION 

On 07/15/82 while on my lieu day, I was called out by Ranger Fiala at 0700 hrs, 
to respond to the rescue cache because of the dam breaking at Lawn Lake. At 
approx. 0800 hrs. I was requested to interview Steven Cashman at Headquarters. 
Cashman had been camping at Roaring River Campsite 111 in the Lawn Lake drainngv 
when the flood- occurred. Cashman stated that he had been up at daybreak drink"llI/:; 
coffee, and his partner Steven See was asleep when he heard a loud roar. Till! loa 

continued growing louder when Cashman looked up and saw trees snapping. boulders 
higher 

th~ 

SOli,;:' 

'\~J 

and a wall of water coming down the drainage. He stated that he ran for 
ground. He stated when he looked back the tent with See in it was gone and 
area had been destroyed by the flood. Cashman hiked down the west side of 
River and when reached the Endovalley Road, he walked west until he found a 
to cross and then proceeded east until he contacted a Ranger who transported him 
to Headquarters. When I interviewed Cashman he was extremely upset and was 
what hostile about answering questions. We asked Cashman to please wait until 
12:00 hre. noon before making any phone calls. Cashman was then ~ransported to 

by Ranger Henderson. 
rtment in the Park Annex for rest. He was later 

I interviewed all the other campers evacuated from the Lawn Lake drainage with 
the assistance of Rangers Henderson and McKinley. As thp. campers were 
evacuated by helicopter they were brought in groups to us at Headquarters. 
We had each of them fill out statements (344 I s) as well as making notes on a 
separate piece of paper which was attached to the statement. We asked questions 
from all trying to account for all campers or hikers who might have been in 
the drainage on 7-14-82 to 7-15-82. We basically followed the format of Who, 
What, When, Where, How and Why during the interviews. Most of the campers 
were cooperative but did not have alot of information. After the interview 
they were given transportation if needed. After the interviews we were 
fairly confident that we had accounted for all the campers in the drainage 
with the exception of any illegal campers who might have been up the drainage. 
After obtaining a list of all the people the campers had encountered during 
the day, we then asked them to relate their account of the flood. 

I was clear at 1600 hrs. 

On 07-16-82 I participated as a searcher in Ranger Powers search group. We 
searched from Aspenglen Campground down to approx 1-1/2 miles below the Park 
boundary along Fall River. Nothing was found. 

SUBMITTED BY (SIGNATURE AND DATE) • 

07/15/$2\~ ~../!?()7'l 

SUPPLEMENTARY CASE/INCIDEH T RECORD 
CAS <='11 N(;Il>E NT ORGANIZATION (PARK) NAME 
NUMBER 

Rocky Mountain National Park raJ2T0 1610 1J " 
LOCATION OF INCICENT. Q-'\TE OF INCIDENT 


MO 1 OA YF 


Same ~ 171 \5 Is f3~ 
NATURE OF INCIDENT' 

Flood 
COMPLAINANTS ADDRESSCOMPLAINANrs NAME 

829 West Franklin 

Statement - Steven R. Cashman 
 Appleton, WI 54911 

neSULTs OF INVeSTIGATION 

Went to bed last night about 10:00. We both woke up cause we couldn't sleep. 
We talked for a while and went back to sleep. This was around 3:00. I woke up 
early this morning & woke Steve up. he was to tired to get up. I bilt a fire & 
made coffee. I started to hear a sound like an air plane. Also there were loud 
booms. It got louder and louder. I thought it was breaking the sound beareyer. 
I kept looking for a plane but couldn't see one. I got suspicious and started to 
look up stream. I saw trees crashing over and a wall of water coming down. I stan '..'( 
to run as fast as I could for high ground. There was a defining roar. I fell and 

gOt up and kept running. I stood on high ground and watched it wipe out our camp 

sight. It knocked everything In it path over Steve didn't stand a chance. I 

watched for 15 minutes and then started down the Mt. for help. 


I got co the road on the oposit side of the river from the car. I walked back and 

torch for about an hour. Then I walked up the valley and around they other riVer 

at the picknick area. I walked along the mt sides till I saw a rangers truck about 

1/2 mile away. I ran to It and told him what happened. If we would of been warned 

~hat to whatch for I could of woke Steve up. He would still be alive. 


, 

SUBMITTED BY (SIGNATURE AND DATE APPROVED BY /SIGNATl.IRE AND DATEI 

lsI Steven R. Cashman 7/15/82 '?J.~ ~ 711:J~2 



SUPPLEMENTARY CASE;INCIDENT RECORD --------_._-_. -.--. 
ORG": 'JIZII.TION (PARi<,j NAME 

Rockv l10untain National Park 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT" 

Flood 
COMPLAINANrs NAME 

tatement - Laurie Shannon 
RESULTS OF INVESTIGATION 

COMPLAINANT'S ADDRESS 

Moraine Route, Box 1994 
Estes Park. CO 80517 

On 07/15/82 while on my lieu day, I was called out by Ranger Fiala at 0700 hrs. 
to respond to the rescue cache because of the dam breaking at Lawn Lake. At 
approx. 0800 hrs. I was requested to interview Steven Cashman at Headquarters. 
Cashman had been camping at Roaring River Campsite III in the Lawn Lake drainagl' 
when the flood-occurred. Cashman stated that he had been up at daybreak drink; 
coffee, and his partner Steven See was asleep when he heard a loud roar. Tilt: I 

continued growing louder when Cashman looked up and saw trees snapping, boulders 
and a wall of water coming down the drainage. He stated that he ran for higlll'l' 
ground. He stated when he looked back the tent with See in it was gone and th~ 

area had been destroyed by the flood. Cashman hiked down the west side of Roa 
River and when reached the Endovalley Road, he walked west until he found a br... 
to cross and then proceeded east until he contacted a Ranger who transported h:b 
to Headquarters. When I interviewed Cashman he was extremely upset and was 
what hostile about answering questions. We asked Cashman to please wait until 
12:00 hrs. noon before making any phone calls. Cashman was then ~ransported 
anartment in the Park Annex for rest. He was later 

by Ranger Henderson. 

I interviewed all the other campers evacuated from the Lawn Lake drainage witil 
the assistance of Rangers Henderson and McKinley. As thp. campers were 
evacuated by helicopter they were brought in groups to· uS at Headquarters. 
We had each of them fill out statements (344's) as well as waking notes on a 
separate piece of paper which was attached to the statement. We asked questions 
from all trying to account for all campers or hikers who might have been in 
the drainage on 7-14-82 to 7-15-82. We basically followed the format of Who, 
What, When, Where, How and Why during the interviews. Most of the campers 
were cooperative but did not have alot of information. After the interview 
they were given transportation if needed. After the interviews we were 
fairly confident that we had accounted for all the campers in the drainage 
with the exception of any illegal campers who might have been up the drainage. 
After obtaining a list of all the people the campers had encountered during 
the day. we then asked them to relate their account of the flood. 

I was clear at 1600 hrs. 

On 07-16-82 I participated as a searcher in Ranger Powers search group. 
searched from Aspenglen Campground down to approx 1-1/2 miles below the 
boundary along Fall River. Nothing was found • 

.SUBMITTED BY (SIGNATURE AND DATE) • 

\f~ ~.AJrrn 07/15j!; 2 

We 
Park 

SUPPLEMENTARY CASE/INCIDENT RECORD 
ORGANIZATION (PARK) NAME 

CAStOll NCIUE NT 
NUMBER 

'---'---r­ -,__ 
Rocky Mountain National Park 18 12 10 16 -k0 l~ 

LOCATION OF INCIDENT. G"'-TE OF INCIDENT 

. MO DA y;: 

Same [D" 17 h 15 Is rj~-
NATURE OF INCIDENT' 

Flood 
COMPLAINANrs NAME 

Statement - Steven R. Cashman 
nESULTS OF INVESTIGATION 

COMPLAINANT'S ADDRESS 

829 West Franklin 
I Appleton, WI 54911 

Went to bed last night about 10:00. We both woke up cause we couldn't sleep. 
We talked for a while and went back to sleep. This was around 3:00. I woke up 
early this morning & woke Steve up. he was to tired to get up. I bilt a fire & 
made coffee. I started to hear a sound like an air plane. Also there were loud 
booms. It got louder and louder. I thought it was breaking the sound beareyer. 
I kept looking for a plane but couldn't see one. I got suspicious and started to 
look up stream. I saw trees crashing over and a wall of water coming down. I stan '.~' 
to run as fast as I could for high ground. There was a defining roar. I fell and 
got up and kept running. I stood on high ground and watched it wipe out our camp 
sight. It knocked everything In it path over Steve didn't stand a chance. I 
watched for 15 minutes and then started down the Mt. for help. 

I gOt to the road on the oposit side of the river from the car. I walked back and 
forth for about an hour. Then I walked up the valley and around they other river 
at the picknick area. I walked along the mt sides till I saw a rangers truck aboul 
1/2 mile away. I ran to It and told him what happened. If we would of been warned 
..hat to whatch for I could of woke Steve up. He would still be alive. 

SUBMITTED BY (SIGNATURE AND DA 

/s/ Steven R. Cashman 7/15/82 

• 

APPROVED BY (SIGNA'n.6RE AND DATE) 

~~ 711:;/~2
.~;----------------------------~------------------



SUPPLEMENTARY CASE/INCIDENT RECORD 
.. ----------------------­ - ------,--~_;:;,·~-.7_:_:=.-;;;:_,.:: 

ORGANIZATION (PARK) NAME 

Rocky Mountain National Park 

LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAI NANT'S NAME COMPLAINANT'S ADDRESS 

Statement - Rick Krainas 17808 S. ~o~ax:t, _Chica_~~_.__ IL 60652 
RESULTS OF INVESTIGATION 

At 11:15(A.M.) 7-14-82 we headed up Long Lake trailhead. We made many stops and L 
took us 4 1/2 hrs. Along the way we saw many hikers but very few backpackers. Th" 
backpackers we saw were 2 ladies (In early 40's) and 4 men who were trailworkers. 

When we arrived at camp we setup and did sOlne exploring. We ate and went to bed 
early. We were awakened at approximately 6:00(A.M.) by a loud thundering noise. 
We looked out the tent and saw waves about 25-30 ft. carrying trees and rocks every 
where. We began to bring all valuables to high land. Then we saw other campers 
hiking around making sure everybody's OK. Then there were 4 rescuers who gathered 
everybody to a helicopter landing spot. 

SUBMITTED BY (SIGNATURE AND DATE) RE AND DATE) 

/s/ Rick Krainas 7/15/82 ~~ A{7'..~ 01/t<;fr?--­

O/iGANIZATION (I'AHK) NAME 
SUPPLEMENTARY CASE/INCIDENT RECORD 

Rocky Mountain National Park 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S NAME 

CASEIINCIUENT 
NUMBER 

)'--8-'-1~-)1'--0-'-16-J-~_J 
D~TE OF INCIDENT 

'MO DA 

COMPLAINANT'S ADDRESS 
2448 W. Balmoral 

Statement - Robert C. Kendall Chicago, IL 60625 
RESULTS OF INVESTIGATION 

Left for Lawn Lake Trail 11:15 AM. Made it to Ypsilon Creek Site #1 about 4:30 PM, 
Set up camp and ate 7:30 PM. Went to bed 9:00-9:30PM. Awoke at 5:50 AM and began 
to hear what sounded like thunder then came crashing noises and we all looked out 
a saw a 25-30' wall of water seything throu the trees, probably 100 yds away_ We 
ran to higher ground and watched. This WdS 6:00 AM. We watched the total destruci\n 
of the creek for 3 hours, then about 11:30 AM the trail rangers came and got us aLI. 
in one place, for the copters to pick us up - about 1 PM. 

• 

SUBMITTED BY (SIGNATURE AND DATE) 
APPROVED BY (SIGNATURE AND DATE) 

~ cMO/i1./Y)rP7 7/1 :;-/oL
/s/ RC Kendall 7/15/82 

-... 



SUPPL EMENTARY CASE/INCIDENT RECORD 
------ ------------ - ..----.--::--=':..---.,.--=-.: ­

ORGANIZATION (PARK) NAME 


NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S ADDRESS 

Statement - Rick Krainas 17808 S. ~~~a!.l' _ChicnJ~~_~_ 1L 60652 
RESUl.TS OF INVESTIGATION 

At 11:15(A.M.) 7-14-82 we headed up Long Lake trailhead. We made many stops 
took us 4 1/2 hrs. Along the way we saw many hikers but very few backpackers. Th" 
backpackers we saw were 2 ladies (In early 40's) and 4 men who were trailworkers. 

When we arrived at camp we setup and did some exploring. We ate and went to bed 
early. We were awakened at approximately 6:00(A.M.) by a loud thundering noise. 
We looked out the tent and saw waves about 25-30 ft. carrying trees al1d rocks every 
where. We began to bring all valuables to high land. Then we saw other campers 
hiking around making sure everybody's OK. Then there were 4 rescuers who gathered 
everybody to a helicopter landing spot. 

SUBMITTED BY (SIGNATURE AND DATE) AND DATE) 

/s/ Rick Krainas 7/15/82 I ~~ A{i~ 01/r<:fu- __ 

SUPPLEMENTARY CASE/INCIDENT RECORD 
CA5EIINClUI:NT 
NUMBER 

OIH.iANILA·IION (PARK) NAME 

Rocky Mountain National Pnrk 1"'--8 -'-12---,"'-0-r-16---'I-o1J 

DATE OF INCIDENT 
. MO DA 

LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT' 

Flood 
COMPLAINANT'S ADDRESSCOMPLAINANT'S NAME 
2448 W. Balmoral 


Statement - Robert C. Kendall 
 Chicago, IL 60625 
RESULTS OF INVESTIGATION 

Left for Lawn Lake Trail 11:15 AM. Made it to Ypsilon Creek Site #1 about 4:30 PM. 
Set up camp and ate 7:30 PM. Went to bed 9:00-9:30PM. Awoke at 5:50 AM and began 
to hear what sounded like thunder then came crashing noises and we all looked out 
a saw a 25-30' wall of water seything throu the trees, probably 100 yds away. We 
ran to higher ground and watched. This Wd.S 6:00 AM. We watched the total destruc; <)1 

of the creek for 3 hours, then about 11:30 AM the trail rangers came and got uS alJ 
in one place, for the copters to pick us up - about 1 PM. 

• 

APPROVED BY {SIGNATURE AND DATEISUBMITTED BY (SIGNATURE AND DATE) 

/s/ RC Kendall 7/15/82 'i~. cJI1O/rf./YIt.P7 7/1 ~/OL 

'''A, 

http:cJI1O/rf./YIt.P7
http:RESUl.TS


OnGANllATlON (f',\nKI NAME 

Rocky Hountain National Park 
LOCATION OF INCIDENT. 

Same 
NATURE OF INCIDENT 

Flood 
COMPLAINANrs NAME 

Sta e 
RESULTS OF INVESTIGATION 

COMPLAINANrS AODRESS 

605 Glendal~ 
Glenview. IL 60025 

At about 6: 15 AM I awoke to the sound of trees smashing and water rushing. We lookl'ri 
to the river and saw trees and water rushing by. We went to the lower campsites and 
saw that everyone was fine. We went back to our campsite and saw Wheelers trail ere 
They yelled across the river to stay still and wait. Some time later they came dO',I, 

the other side of the river. They collected people. from the lowe.r campsites and 'W( 

went to a spot where the helicopter could pick uS up. 

SUBMITTED BY (SIGNATURE AND DATE) APPROVED BY ISIGNATURE AND DATE) 

lsi Steve Wilde 7/15/82 ~A' :s,hevnmtJYi 7/1:/8 L 

SUPPLEMENTARY CASE,'INCIDENT RECORD 
-~~ -----~.-.-~ 

ORGANIZATION (P'''RKI NAME 

Rocky MountcL~n National Park 
LOCATION OF lNC;'JENT. 

C/~SE!lNCID~NT 
NUMBER

1r­8 -;-1-2r-j0'"'""T"1-6....---,o~l-;-
OATE OF INCIDENT 1__ 

Same MO I DA YR 

NATURE OF INr.If'lFNT [0 17 1 15 r 8 ·I.:! 
Flood 

COMPl.AINANrs NAME I COMPLAINANrs AOORESS 

Statement - Tim Wood 11756 Henley St. Glenview III 60025 
RESULTS OF INVESTIGATION 

I woke up at 6:15 and the ground was shaking. I heard some trees braking I got out 
off the tent and saw a ' wall of water rushing down the river. I wached the water '.,n 
till the ranger came. I saw them akrost the river. They told us to stay there. 
They come about two hours la ter. We went to a clearing and wa ted for the Helakop t, C'. 

Then they took us to the ranger station• 

SUBMITTED BY (SIGNATURE AND DATE) 

/5/ Tim Wood 7/15/82 

• 

APPROVED BY {SIGNATURE AND DATEI 

t../ ,--­ - -- -­ //I~J 2 



OnGANllATI()N (r'PdlKl NAMF. 

Rocky Mountain National Park 
LOCATION OF INCIDENT, 

Same 
NATURE OF INCIDENT 

Flood 
COMPLAINANT'S NAME 

Statement - Steve Wilde 
RESULTS OF INVESTIGATION 

COMPLAINANT'S ADDRESS 

605 Glendnlt: 
Glenview. IL 60025 

At about 6:15 AM I awoke to the sound of trees smashing and water rUShing. We lOok 
to the river and saw trees and water rushing by. We went to the lower campsites and 
saw that everyone was fine. We went back to our campsite and saw Wheelers trail erc 
They yelled across the river to stay still and wnit. Some time later they came do',!,. 
the other side of the river. They collected people from the lower campsites and "'(, 
went to a spot where the helicopter could pick us up. 

SUBMITTED BY (SIGNATURE AND DATE) 

/s/ Steve Wilde 7/15/82 
APPROVED BY (SIGNATURE AND DATE) 

~.p.' ShCVJ'1.mcPI 7/1:/8 '2.. 

SUPPLEMENTARY CASE/INCIDENT RECORD 
-----O'RGANIZATION (F"RKI NAME------·-­ -'1 CJ~SE/lNCIl)~NT 

I 
NLJNlBE R 

Rocky Mounta'"n National Park 18 12 10 !6 IO-T3 
DATE OF INCIDENT -­LOCATION OF INCi')ENT, 

Same 
NATURE OF INCIDENT 

Flood 
COMPLAINANT'S NAME COMPLAINANT'S ADDRESS 

r-M,O I D,A 

'0 
YR 
-r-­

8 ! 2 
---l 

Statement - Tim Wood 11756 Henley St. Glenview III 60025 
RESULTS OF INVESTIGATlON 

I woke up at 6:15 and the ground was shaking. I heard some trees braking I got out 
off the tent and saw a ' wall of water rushing down the river. I wached the water !.:.rr 
till the ranger came. I saw them akrost the river. They told uS to stay there. 
They come about two hours later. We went to a clearing and wated for the Helakopt r ,'. 

Then they took uS to the ranger station• 

SUBMITTED BY .ISIGNATURE AND DATE) 

/s/ Tim Wood 7/15/82 

• 

APPROVED BY (SIGNATURE AND DATE) 

~~~(/i'""l 7//~a 2 
----­



S0PPLEMENTARY CASFINCIDENT RECO!W 

ORGt..NIL/\ llUN 11'1\1,,;'1 NAML 

Rocky Houn::'ain National Park 
LOCATION OF INCIDENT, 

same. 
NATURE OF INCIDENT 

Flood -

COMPLAINANTS NAME 

statement -Stephen W. Gillette 

COMPLAINANT'S ADDRESS 

Box 2162 

HE SUL1S OF I NVESTIGATlON 
Approx. 6:18~ arrived at Lawn Lake Trailhead to empty 4 cans. Getting 
truck I hear a very deafening noise. Looking, I see dirt in the air. 
that a jet was crashing and to go up the road to confirm. 

I, 

out of ii" 

Decided 

About 30 yds from Roaring River Bridge I notice some water and debris (logs and 
limbs) on road. Stopping and looking up-hill I sec trees and rocks being throwli 
into the air. Truck in reverse to the Endova~ley winter closure gate - turn 
around to go to trailhead emergency phone. Notice Blazer ( Michie

an 
plates ) 

entering off 34. Decided to block road and run to phone. 

6:22. call dispatch _ ask whats going on up Endovalley? I think a lake or some­
thing just burst. There is a massive landslide - I have the road blocked. I'm 
the A-I Trash Driver. Get Dan DaviS down here. Not going to let anyone up the 

road till Dan gets here. 

R.:mger Shul tz arrive where I have my truck blocking access. Shultz and I proceed 
to the Endovalley winter closure gate. He ask m~ to lock it. He is on the radiu. 
We both then go to the bridge on 34. While there. 1 see much more water and Debri 
After getting to the bridge I see an Knee high wall of water and debris corning to 
bridge. I tell Shultz that I will block the road with some blockades that I 
have observed up the road. I do this and by the time I finish--water is coming 

over the road--l go on with my business 

INVOI..VEO PERSONS 

Wi OF INCIDENT 

United States Department of the Interior 
NAnONAL PARK SERVICE 

CASE INCIDENT RECORD 

18. 

~ 

Page 1 of 2 U""'"l...­

around daybreak on Thursday morning" July' 15, +902, the ta.·,m Lake !Jam :.:lilcd, 
820 acre feet of water into the Roaring River drainage. The rasuJ.ting -..ro.ter, 

and debris" which empt.ied into the Horseshoe Park area, 'iro.s !J;::"st reported at 
am by an AI Trash Servi.ce employee Who was enroute to pick up tra.::.h in the 

area. Park Rangers ilmnediatel3'" began to respond to the :::or::3e.::.hoe Par!: .J.rea. 
t.he Estes Park Police Department was notii'ied of thp. sitU.;:].tion at 6:LJ &':1. ?ark 
tors were evacuated £rom Horseshoe Park aT a Park Ranger ws dispatched to 

mglen Campground to evacuate campers from the walk-in c;:r.r.rps:ites along the riverJ 

~..:'Ij.cation being completed b"J 7:12 aJ.rIj Park Rangers also notified the Operator of 
Cottages of impending flood conditions. During this period of t:ilne employees 
Headquarters were compiJ..ing a list of reGistered campers in backcountry 
s at La:wn La.ke and aJ.ong tho Roaring R:ivor dr<rl.na.ge and obt.:l.inine a helicopter 

which to carrJ out rescue opera.tions in those backcountt"'J areas. A.t 7:30 <Un a 
team started up into the R03.ring R:i.ver drainage on foot to atter.:pt contact with 

• At th:is time !load waters dra:in::ing Horseshoe Park began to i'lotl over the 
Dam.. At 7:43 am the Cascade Dam went out J creat1.ng a crest flood dOlm the Fa.ll. 

alongside the Aspenglen C:.unp{!'round are3.. Sometime prior to this cre.::.t moving 
",ream, eye witnesses in the campground observed three persons who had previously 
evacuated .£rom the walk-in river campntes reenter the evacuated area by wa.lk:ing 

foot bridge whi.ch liaS completel,y covered 'b-J water. These three individ:ua.ls were 
swept awaY' as the nood crest from the Cascade Dam. i'aiJ.ure moved throUl1h the 

~l. 
PROPe:RTY STOLEN OR OAMAGEO 

35. 
TOTAl.. 

APPRO)(~O av (SI'In.. '"," 41"140.1'.' -, 



SJ P P L EM E: N TAR yeA S E INC IDE N T Rleo IW 

URG':"NILA llUN 11'1\1(;<;.1 NAML 

Rocky Mountain National Park 
LOCATION OF INCIDENT. 

United States Department of the Interior 
NATIONAL PARK SERVICE 

~ 

Pag8 1 of 2 U"'L--­

10 ame ____________________---L------tI--iU..wIL........L...L......Io-l...L...1--,:2....10­1 -(.\-Lq CASE INCIDENT R E COR D 
--N-A·T-GU....R""'E OF INCt DENT t nRr.AN,7 AT,nN r-nnr: I" ('\gr. ...N'7 4T'('\N ,gAg "" NAMI'" b. LDCATION CrlnF' 14. r".A'iE:IINClnE:NT NO. 

Flood -

COMPLAINANT'S NAME 

statement -Stephen W. Gillette 

COMPLAINANT'S ADDRESS 

Box 2162 

I, 

HESUL1S OF INVES1IGAnON 

Approx. 6:18, arrived at Lawn Lake Trailhead to empty 4 cans. Getting out of 111' 

truck I hear a very deafening noise. Looking, I see dirt in the air. Decided 
that a jet was crashing and to go up the road to confirm. 

About 30 yds from Roaring River Bridge I notice some water and debris (logs and 
limbs) on road. Stopping and looking up-hill I see trees and rocks being throwil 
into the air. Truck in reverse to the Endovalley winter closure gate - turn 
around to go to trailhead emergency pbone. Notice Blazer ( Michiean plates ) 
entering off 34. Decided to block road and run to phone. 

6:22, call dispatch - ask whats going on up Endovalley? I think a lake or some­
thing just burst. There is a massive landslide - I have the road blocked. I'm 
the A-l Trash Driver. Get Dan Davis down here. Not going to let anyone up the 
road till Dan gets here. 

R.:!l;ger Shultz arrive where 1 have my truck blocking access. Shul tz and I proce(·:j 
to the Endovalley winter closure gate. He ask mt! to lock it. He is on the radio. 
We both then go to the bridge on 34. While there, I see much more water and Debr 
After getting to the bridge I see an Knee high wall of water and debris corning l',(. 

bridge. 1 tell Shultz that I will block the road with some blockades that 1 
have observed up the road. I do this and by the time 1 finish--water is coming 
over the road--I go on with my business 

SUBMI 

Dam 

AI Trash Service 
15. WHEN RECEIVED: 

OATE 

18.0 

Shultz - Park ltanrrer 

INVOLVED PERSONS ADDRESS 23. 

tiIlle around daybreak on Thurscia:r morning" July 15, +913 2, the L.:l"n1 L.:1.Ice Jar.l :.ulcd, 
820 acre feet of water into the Roaring R:iver draina.ge. The resulting ~ter, 

and debris, whi.ch emptied into the Horseshoe Park area, iro.S !'i:"st reponed at 
: 26- am by an AI Trash Service employee Who ws enroute to pick up tra::;h in the 

area. Park Rangers immediately began to respond to the :!or3e::;noe Pari: area. 
t.he Estes Park Police Department was notified of the situ..:J.tion at 6:h3 a.":'t. Park 

were evacuated .from Horseshoe Park and a Park Ranger ws dispatched to 
englen Campground to evacuate campers fran the walk-in c.:l."':'lp sites along the river, 

l.Iii'ication being completed b-J 7:12 ami Park Rangers also notii'ied the Operator of 
Cottages or i.mpending fJ.ood conditions. During this period of ti."lle employees 

Park Headquarters were compiling a list of re:;j.stered campers in backcountr'J 
""~sites at Laml Lake and along the Roaring Iliver dr<Jinage and obt.:linin;,; a helicopter 

which to ca~J out rescue operations in these backcountr'J areas. At 7:30 am a 
cue team started up into the Roaring River dra.:inage on foot to atter.:pt contact with 

vors. At th:is time flood waters dra:in:i.ng Horseshoe Park began to flOl-1 over the 
C<J.de Dam.. At 7 :43 am the Cascade Dam went out, creating a crest flood dotm the Fal1 

alongside the Aspenglen C.:unp~ound area. Sometime prior to th:i::; crest moving 
eye 'Witnesses in the campground observed three persons who had previously 

e'V3.cuated .from the walk-in river campsi.tes reenter the evacuated area by wa.l1d.ng 
r a foot bridge which was completely covered 'b-J water. These three indiv:idual3 were 

swept away as the flood crest from the Cascade Dam f.ailure moved throu~h the 

31. 
PROPERTY STOl.EN OR OAMAGED 

; 'J1*t/ 
'1?ND DATE) 

7· C~ ~~L---1------+...l...-.L~----L--_t_-_r_----L-~;-­- 1
gff,J 

35. 
TOTAL 

AP9RO~.t;:O BV C)I'Jn~r.,,~ 4nd,.."o"I"'~ 7~ ... /. 



FORM NO. 10.344 
(Re.... J.73) 

U.S. DEPARTMENT OF THE INTERIOR 
NATIONAL PARK SERVICE Page 2 of 2 

[rz--­
SUPPLEMENTARY CASE/iHCIDENT RECORD 

ORGANIZATION (PARK) NAME CASE/INCIOENT 

NUMBrE:..:R......_....----,r---r-_....----, 

Rocky Hountain National Park 
LOCATION OF INCIDENT. DATE 01: INCIDENT 

MO DA VR 

Roaring River/FaJJ. River Dr~ges o f7TllsTO 121 
NATURE OF INCIDENT' 

LJ.~m Lake Dam Failure 

COMPLAINANrS NAME COMPLAINANrS AOORESS 

RESULTS OF INVESTIGATION 

riv'er campsi.tes area to a height of several feet. This crest also took out the 
.entr:mce road into A...,'""Pcn~lon Campground preventing arr:r further vehicle or foot 
access across the road bridge. At this time another rescue team was started into 
the campground on foot fr~ the Deer Ridge Junction area, reaching the campground 
in appro:d....."T\ately one haJ.i' hour. This team reported a lot of water running throub.gout 
the ca.~ground to a depth of 5 or 6 inches in places but no Ufe threatening 
:;it'U.'lt:Lons ,·lith the excopt:Lon of three per:.ons who reportedly went back :Ll"l:'O the 
ri'rer ~sites areao This Crall then began. to search for these miss:i.ng persons alo~g 
both sides of the river belot.,. the campground, continuing their efforts throughout 
t:-:'e ai'ternoono The rescue team mov-i.-ng up the ::tearing liver drainage repor:'ed cont.1.-::'': 
~rith stranded campers on the \-Test s:Lde of the river at seyerol loca':.ions. l'hf'}~e 

st:-anded campers 't-rere advised to stay put until other rescue per:.onnel could no"Je 
dmm the drainage from above and r..ake contact -;dth them. At 8:l.J.i. an, a helicopter 
began transpo~ing rescue personnel :Lnto the r.alm Lake are.:t. to con~ct c.1.~er:J .J.:' 
the 1.:lke and also to begin hi1d.ng dOl-lIl both sides of the drainage to contact 
suI""livorso At 8 :49 am a report was received £'rom the rescue team ~.o0..ng up the 
dra.:L"i3.ge that they had been informed by a ca.~er at the Roaring liver carnps:Ltes tr..:J.t 
he had observed a compan:ion get ~rept away in his tent. This \·~s the i'ir:::;t repo~ of 
a possible fatality in the Roaring River dr~eo After transporting rescue per-:::;ormel 
into the Lawn Lake area the helicopter be~ flying survivors out to Horseshoe Park 
as rescue personnel were able to conduct them to suitable helipad locations. At 
1l:17 am, a second helicopter began assi:Jt#ing in tr:lnsportation of Gurv"ivor:., ~:;carch 
.1.nd rescue per:.onnel and C<lrI",ring out aeri.:lJ. reconn.:ti.cance. After all ::Jurvi.vorG :mre 
located and transported to safety, rescue personnel intensified recovery searches 
in the Horseshoe Parlt area. and aJ.ong the Fall. River below Aspenglen Campground for 
!-<no~ missing persons, continu:ing the :::;earchcs throughout the rennindcr of the ci:ly. 
:u.ring the afternoon, additional Ranger personnel along with food and supplies 't-lere 
delivered by helicopter into the Aspenglen Campground area. 3"1' midnight the Hati.onal 
Park Service had constructed an emergene,r road into the ~ground from the south 
side of the river. Only four individua.ls left that night, the re:Jt# indiC<lting they 
i·;ould rather w.rit until morning to drive out. Three Park Rangers (one a Para~'ledic) 
spent the night in the campgro'W'ld to provide security and emergenC"1' medical attention 
if needed. One hundred chicken dinners were delivered to the campgro'W'ld that eveninso 
The follovring morning campers began an organized evacuati.on of the campground. 

AP~OVED qy 'SIGNAT.tJRE Ai'lO DATE) 
r - --:--/

" 
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FORM NO. 10.:),.l4 
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ORGANIZATION (PARK) NAME 

U.S. DEPARTMENT OF THE INTERiOR 
NATIONAL PARK SERVICE 

SUPPLEMENTARY CASE/INCIDENT RECORD 

Rock:;" !1ountain National Park 
LOCATION OF INCIDENT. 

Roaring River/FaD. R:i.ver Dro.:inages 
NATURE OF 

L:t~m Lake Dam :Failure 

CQMPLAINANrS NAME COMPLAINANrS AODRESS 

RESULTS OF INVESTIGATION 

Page 2 of 2 
{Jz--­

ri".rer ca.:mps:i.tes area to a hej.ght of several feet. This crest also took out the 
.entro.nca road into Lllcnglen Campground preventing ::m:l furthar '\/Chicle or foot 
access across the road bridge. At this time another rescue team ....as started into 
the campground on .foot from the Deer R:idge Junction area, reach:i.n.g the campground 
i.."1 a?pro:x:i..."!JB.tely one half' hour. This team reported a lot of water rtU'll1:i.n; throu.'lgout 
the C3.":1pground to a depth of 5 o~ 6 inches in places but no life threatenin~ 
:;;ittl..':l.tions ~·lith the excaption of three peroons who reported.J.y went back in't.o the 
ci'rer campsites area. This cral.,. then began. to search for these missing per:;;ons along 
both sides of the ri.ver belOt.,. the campground, continuing their efforts th!"ou~hout 
t::'e a.l"'ternoon. The rescue team movi.-ng up the ~oa.ring River drai.na.ge rcpor-:ed cont:lCt.z 
~:ith str:::tnded campers on the uest side of the river at seyerol locations. 1'111)::;0 

st:::-:tnded campers ~·rere advised to st."ly put until other rescue personnel could r.;o·.re 
cOlm the drainage .from abo',re and r..ake contact with them. At 8:lJ.4 Cll:l, a helicopter 
began transpo~ing rescue personnel into the La'l.m IA.ke area to cont.:lct c."l.Mpcrs a~ 
the lake and also to begin hiking dOl'lIl both sides of the dra::Lnage to contact 
s"U.t""livors o At 8:49 am a repot"t was received !'rom the rescue team :.-.ov'.-ng up the 
drai..""l3.ge t!;l.at they had been informed by a ca."nper at the Roaring River car.q;lsites tr...:J.'t. 
he had observed a compani.on get swept away in his tent. This \'1<lS the first re~ort of 
a possible fatality in the Roaring Hiver dra:i...rm.ge. A!'ter transporting rescue per:Jonnel 
into the Lawn Lake area the helicopter be~ ~g survivors out to Horseshoe Park 
3,S rescue personnel were able to conduct them to suitable helipad locations. At 
II :17 <1IIl, a second helicopter began assisting in transportation 0 f ~urvivors, ::march 
."md rescue peroormel and C<lrr"Ji,ng out aeri.aJ. recomW..::::iOlJ1ce. A.f.'tcr all survivo!':) o:,rere 
located and transported to sai'ety, rescue personnel intensified recovery searches 
in the Horseshoe Par!t area and along the ~ Hiver below Aspenglen C.a.mpgrotmd for 
known missing persons, continuing the :)earchas throughout the rem.:tinder of the cby. 
:::tlring the afternoon, additional Ranger personnel along with food and supplies l..rere 
delivered by helicopter into the Aspenglen Campground area. 'S'.f midnight the !-rational 
Park Service had constructed an emergenc.y road into the co.mpground from the south 
side of t.he river. Only four individ\la'lJ.s le.rt that night, the rest indicating they 
~'lould rother -wait until morning to drive out. Three Park Rangers (one a Pa:,a-Hedic) 
spent the night in the campground to provide security and emergenC"'.f medical att.ention 
if needed. One hundred chicken dinners were delivered to the campground that evcrin~o 
'rha follo"l-ling morning campers began an organized eWl.cuation of the crunpground. 
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