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A.1.0 HYDROLOGIC SIMULATION STUDIES 

Supplemental information about the hydrologic simulation studies are provided in this 

section. The subjects that are covered include: the model configuration, virgin flow estimations, 

operation studies, and estimates of divertable flow based on daily flow analyses. 

A.1.1 MODEL CONFIGURATION 

To effectively perform the analysis of the complex hydrologic conditions of the Upper 

Colorado River Basin and reliably compare various water development alternatives, the application 

of a hydrologic simulation model was sought as part of this Study. A review was made of several 

existing hydrologic simulation models. Most of these models were developed for site-specific 

purposes or do not have the capability of handling the unique hydrologic and river operating 

conditions encountered in the study area. An exception was the Colorado River Simulation Model 

(CORSIM) developed by the David E. Flemming Company and Brinckerhoff, Quade & Douglas, Inc., in 

the early 1970's. However, the assumptions and logic included in CORSIM were not readily available 

for review and validation. Also the model is proprietary. The Boyle Engineering Simulation Model, 

(BESTSM) has unique capabilities for handling the various hydrologic conditions encountered in the 

study area. It was selected with the approval of the Authority. BESTSM accounts for monthly water 

volumes for inflows, diversions, return flows, river gains and losses, and outflows of each segment 

of the stream system and allocates water based on the Colorado water rights priority system and 

other legal and institutional arrangements. 

BESTSM was applied to the Upper Colorado River Basin to estimate storable flows for each of 

the proposed reservoir sites. The modeling area covers over 8000 square miles and ranges in 

elevation from 4800 feet to over 14,000 feet. To accurately simulate the hydrologic characteristics of 

the basin, the mainstem and tributaries were divided up into 53 segments, bounded by 45 river 

nodes and 8 reservoir nodes. Figure A.1.1 displays the location of the nodes and reservoirs 

simulated in the model. Approximately 1600 water rights are operated in the model. These rights 

divert from over 800 major diversion structures. 
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TABLE A.1.1 
AVERAGE HONTHLY VIRGIN FLOWS 

UPPER COLORADO RIVER BASIN 
<1951 - 1983) 

(l000 .1) 
STAT. 

NO. STATION NAHE OCT NOV DEC JAN FEF HAR APR HAY JUN JUL AUG SEP TOTAL 

1050 COLORADO RIVER BELOW BAKER GULCH 1." .9 .6 .5 ... .5 1.6 11.0 26.3 13.5 ".2 1.9 62.8 
1900 COLORADO RIVER BELOW LAKE GRANBY 5.0 2.7 3.1 3.1 2.6 2.9 9.9 51.9 104.9 "9.9 16.6 7.9 260.6 
2100 WILLOW CREEK BELOW WILLOW CREEK RESERVOIR 1. .. 1.0 .8 1.0 .7 .9 3.7 20.6 19.2 5.5 2.2 1.3 58.2 
2405 FRASER RIVER BELOW HEADOW CREEK 3.6 2.7 2.2 1.9 1.6 1.7 3.1 16.7 40.7 20.0 7.8 4.6 106.4 
3400 FRASER RIVER AT GRANBY 4.5 3.6 2.9 2.5 2.3 3.2 10.4 31.8 47.1 22.4 9.3 5.4 145.4 
3425 COLORADO RIVER AT WINDY GAP 11.6 8.0 7.3 7.0 6.1 7.9 26.2 107.5 173.6 77.4 28.9 15.2 476.8 
3600 WILLIAHS FORK NEAR LEAL 2.4 1.8 1.5 1.3 1.1 1.2 2.0 10.1 29.4 15.0 5.1 2.8 73.6 
3850 WILLIAHS FORK RIVER AT WILLIAHS FORK RESERVOIR 3.4 2.8 2.4 2.1 1.8 2.1 4.2 12.9 29.9 12.2 5.7 3.6 83.1 
4050 TROUFLESDHE CREEK NEAR TROUBLESOME 1.4 1.3 1.2 1.2 1.1 1.3 3.2 11.8 10.7 3.1 1.7 1.3 39.2 
4060 COLORADO RIVER AT RED HOUNTAIN SITE 16." 12.1 11.0 10.2 9.0 11.3 33.6 132.2 214.1 92.7 36.3 20.1 599.1 
4150 HUDDY CREEK AT KREHHLING .9 .8 .7 .6 .5 .9 4.7 26.0 21.9 4.3 1.4 .8 63.6 
4660 BLUE RIVER NEAR DILLON 3.1 2.1 1.8 1.6 1.3 1.4 2.2 11.1 23.6 14.3 7.6 4.5 74.5 
5070 BLUE RIVER BELOW DILLON RESERVOIR 6.7 4.7 4.3 3.9 3.3 3.7 7.0 34.9 73.6 36.9 16.8 9.3 204.9 
5100 STRAIGHT CREEK NEAR DILLON .4 .3 .3 .2 .2 .2 .3 1.2 3.2 1.9 .9 .5 9.7 
57S0 BLUE RIVER BELOW GREEN HOUNTAIN RESERVOIR 12.5 9.0 8.0 7.2 6.2 7.S 15.3 60.5 120.9 68.7 33.3 17.6 366.8 
5755 BLUE RIVER AT CONFLUENCE 12.5 9.0 8.0 7.2 6.2 7.5 15.3 60.5 120.9 68.7 33.3 17.6 366.8 
5760 COLORADO RIVER BELOW BLUE RIVER AND HUDDY CREEK 29.8 21.9 19.7 18.0 15.7 19.7 53.6 218.8 357.0 165.7 71.0 38.5 1029.5 » 5800 COLORADO RIVER NEAR KREMMLING 33.7 26.0 23.6 22.2 19.6 24.4 62.3 227.1 360.2 170.8 75.9 41.6 1087.5 I 
5810 COLORADO RIVER ABOVE PINEY RIVER 33.7 26.0 23.6 22.2 19.6 24.4 62.3 227.1 360.2 170.8 75.9 41.6 1087.5 .... 

I 5950 PINEY RIVER NEAR STATE BRIDGE 1.1 1.0 .9 .8 .7 .9 2.9 14.9 21.0 7.0 1.9 1.0 54.1 II.) 
6000 COLORADO RIVER BELOW PINEY RIVER 34.9 27.0 2".5 23.0 20.3 25.3 65.3 2"2.0 3Bl.2 177.B 77.8 42.6 1141.6 
6050 ROCK CREEK NEAR TOPONAS .7 .5 .5 .4 .4 .5 2.9 B.9 6.B 2.1 1.1 .7 25.5 
6077 ROCK CREEK NEAR HCCOY 1.3 1.1 .9 .9 .7 1.1 5.8 17.B 13.6 4.3 2.2 1.5 51.0 
6200 COLORADO RIVER AFOVE EAGLE RIVER "B.7 39.3 34.5 32.2 30.7 39.1 B7.7 303.9 450.9 202.2 93.5 54.4 1"16.9 
6300 EAGLE RIVER AT RED CLIFF .9 .7 .6 .6 .5 .6 1.5 B.2 13.0 3.8 1.7 1.0 33.2 
6400 HOMESTAKE CREEK BELOW HOMESTAKE RESERVOIR .7 .4 .3 .3 .2 .3 1.3 B.l 17.0 7.5 2.1 .9 39.2 
6450 HOMESTAKE CREEK NEAR RED CLIFF .9 .6 • 5 ... .4 . .5 2.3 12.8 22.3 9.5 2.9 1.2 54.3 
6730 ALKALI CREEK NEAR WOLCOTT .0 .0 .0 .0 .0 .1 .5 .7 .2 .1 .0 .0 1.6 
6750 EAGLE RIVER AT EAGLE 9.2 7.4 6.5 6.1 5.4 6.4 15.0 72.4 107.3 34.1 15.1 10.0 295.0 
7000 EAGLE RIVER BELOW GYPSUM 15.2 14.0 12.1 11.1 9.5 11.1 19.6 77.9 14".6 65.3 23.9 15.7 420.0 
7050 COLORADO RIVER NEAR DOTSERO 63.9 53.4 46.6 "3.3 40.2 50.2 107.3 381.7 595.4 267.5 117." 70.1 1836.9 
7250 COLORADO RIVER AT GLENWOOD SPRINGS 69." 57.8 49.8 46.9 43.2 54.6 113.1 397.5 614.6 275.0 122.3 75.0 1919.2 
7350 ROARING FORK RIVER NEAR ASPEN 2.8 2.1 1.8 1.6 1.4 1.5 3.0 19.3 43.3 18.9 5.5 3.2 104.5 
7400 HUNTER CREEK NEAR ASPEN .8 .6 .5 .4 .4 .4 1.1 7.9 16.6 6.2 1.5 .9 37 ... 
8020 FRYINGPAH RIVER BELOW RUED I RESERVOIR 4.2 2.9 2.4 2.2 1.9 2.3 6.7 35.4 62.9 26.5 9.2 5.0 161.6 
8500 ROARING FORK RIVER AT GLENWOOD SPRINGS 37.9 32.4 27.6 24.2 20.2 23.9 43.6 15 ..... 301.4 157.5 58.2 39.2 920.4 
8750 ELK CREEK NEAR NEWCASTLE .7 .9 1.0 1.0 1.0 1.2 1.6 7.7 9.0 2.2 .8 .4 27.5 
9100 WEST DIVIDE CREEK .8 .9 1.0 1.0 1.0 1.3 1.7 8.0 9.4 2.3 .8 .4 ·2B.7 
9210 RIFLE CREEK .8 1.0 1.1 1.1 1.1 1.4 1.8 8.4 9.9 2.4 .B .5 30.1 
9350 PARACHUTE CREEK AT PARACHUTE .8 1.0 1.2 1.1 1.1 1.5 1.9 9.0 10.5 2.6 .9 .5 32.1 
9370 COLORADO RIVER NEAR DEBEQUE 111.5 96.1 B4.2 77.5 70.3 B7.5 16B." 608.0 980.3 .... 7.0 183.1 115.2 3029.0 
9380 ROAN CREEK 7.2 7.0 7.4 6 ... 5.7 5.9 7.1 10.1 8.7 6.3 6.5 6.8 B5.2 
9550 COLORADO RIVER NEAR CAHEO 118.5 103.0 91.5 83.9 75.7 93.2 175.0 617.0 986.2 "51.3 189.5 121.6 3106." 
10500 PLATEAU CREEK NEAR CAHEO 1. .. .9 .6 • 5 ... .5 1.6 10.1 19.1 7.0 2.2 1.6 45.7 
10510 COLORADO RIVER BELOW PLATEAU CREEK 119.9 103.8 92.1 84.3 76.1 93.7 176.6 627.1 1005.3 458.3 191.7 123.2 3152.1 



TABLE A.1.2 
AVERAGE MONTHLY HISTORIC FLOWS 

UPPER COLORADO RIVER BASIN 
<1951 - 1983) 

<1000 af) 
STAT. 

NO. STATION NAI1E OCT NOV DEC JAN FEB MAR APR I1AY JUN JUL AUG SEP TOTAL 

1050 COLORADO RIVER BELOW BAKER GULCH 1.4 .9 .6 .5 .4 .5 1.6 10.1 19.1 7.0 2.2 1.6 45.7 
1900 COLORADO RIVER BELOW LAKE GRANBY 1.7 1.4 1.4 1.4 1.3 1.6 2.0 5.3 7.4 8.7 2.1 1.5 36.5 
2100 WILLOW CREEK BELOW WILLOW CREEK RESERVOIR .5 .4 .5 .7 .5 .7 1.6 6.9 1.9 3.6 1.1 .3 24.8 
2405 FRASER RIVER BELOW I1EADOW CREEK 1.9 1.1 1.5 1.3 1.1 1.3 2.3 9.8 24.3 10.8 3.3 1.9 61.2 
3400 FRASER RIVER AT GRANBY 2.9 2.6 2.2 2.0 1.8 2.B 9.6 24.9 30.7 13.2 4.B 2.7 100.3 
3425 COLORADO RIVER AT WINDY GAP 5.B 5.2 4.7 4.4 4.1 5.B 15.5 40.4 48.4 25.2 9.5 5.1 174.1 
3600 WILLIAMS FORK NEAR LEAL 2.2 1.7 1.4 1.3 1.1 1.2 2.0 9.3 27.8 13.7 4.3 2.5 68.3 
3B50 WILLIAI1S FORK RIVER AT WILLIAI1S FORK RESERVOIR 3.2 2.1 2.3 2.0 1.8 2.1 4.1 12.1 28.3 11.0 4.9 3.3 77.8 
4050 TROUBLESOME CREEK NEAR TROUBLESOI1E 1.4 1.3 1.2 1.2 1.1 1.3 3.2 11.8 10.7 3.1 1.7 1.3 39.2 
4060 COLORADO RIVER AT RED MOUNTAIN SITE 14.B 13.9 11.7 11.2 10.3 12.3 21.5 5B.9 71.0 31.6 20.3 16.0 299.3 
4150 MUDDY CREEK AT KREI1I1LING .9 .B .7 .6 .5 .9 4.7 26.0 21.9 4.3 1.4 .8 63.6 
4660 BLUE RIVER NEAR DILLON 2.8 2.1 1.8 1.6 1.3 1.4 2.2 10.1 20.5 12.7 6.5 3.8 66.9 
5010 BLUE RIVER BELOW DILLON RESERVOIR 6.5 4.8 4.4 4.2 3.6 3.9 6.6 25.5 49.4 2B.7 14.1 8.9 161.1 
5100 STRAIGHT CREEK NEAR DILLON .4 .3 .3 .2 .2 .2 .3 1.2 3.2 1.9 .9 .5 9.7 
5750 BLUE RIVER BELOW GREEN "OUNTAIN RESERVOIR 24.4 17.4 17.8 IB.5 16.3 19.7 23.6 33.2 31.4 45.4 36.6 30.2 320.6 
5755 BLUE RIVER AT CONFLUENCE 24.4 17.4 17.B 18.5 16.3 19.7 23.6 33.2 37.4 45.4 36.6 30.2 320.6 

~ 
5760 COLORADO RIVER BELOW BLUE RIVER AND I1UDDY CREEK 40.1 32.2 30.2 30.3 27.2 32.9 49.8 11B.l 130.3 81.3 58.3 47.1 683.6 

I 5BOO COLORADO RIVER NEAR KREI1I1LING 44.0 36.3 34.0 34.4 31.0 31.7 5B.6 126.4 133.4 92.4 63.2 so. 1 741.6 
~ 5810 COLORADO RIVER ABOVE PINEY RIVER 44.0 36.3 34.0 34.4 31.0 37.7 5B.6 126.4 133.4 92.4 63.2 so. 1 741.6 
I 5950 PINEY RIVER NEAR STATE BRIDGE 1.1 1.0 .9 .8 .1 .9 2.9 14.9 21.0 7.0 1.9 1.0 54.1 (,,) 

6000 COLORADO RIVER BELOW PINEY RIVER 45.1 31.3 34.9 35.2 31.7 38.6 61.5 141.4 154.4 99.4 65.1 51.2 795.7 
6050 ROCK CREEK HEAR TOPAHAS .7 .5 .5 .4 .4 .5 2.9 B.9 6.8 2.1 1.1 .7 25.5 
6017 ROCK CREEK NEAR I1CCOY 1.3 1.1 .9 .9 .7 1.1 5.8 11.8 13.6 4.3 2.2 1.5 51.0 
6200 COLORADO RIVER ABOVE EAGLE RIVER 58.9 49.6 44.9 44.5 42.1 52.3 83.9 203.2 224.1 123.8 80.8 62.9 1011.0 
6300 EAGLE RIVER AT RED CLIFF .9 .7 .6 .6 .5 .6 1.5 1.1 10.1 3.0 1.4 1.0 28.1 
6400 HOI1ESTAKE CREEK BELOW HOI1ESTAKE RESERVOIR .1 .4 .3 .3 .2 .3 1.3 B.l 11.0 7.5 2.1 .9 39.2 
6450 HOI1ESTAKE CREEK NEAR RED CLIFF 1.0 .1 .5 .5 .4 .5 2.3 10.6 15.0 6.3 2.1 1.3 41.9 
6130 ALKALI CREEK NEAR WOLCOTT .0 .0 .0 .0 .0 .1 .5 .1 .2 .1 .0 .0 1.6 
6750 EAGLE RIVER AT EAGLE 9.3 7.5 6.5 6.2 5.5 6.5 15.0 69.1 97.1 30.2 14.6 10.0 277.5 
1000 EAGLE RIVER BELOW GYPSUI1 15.3 14.1 12.2 11.1 9.6 11.2 19.6 14.5 134.4 61.4 23.4 15.7 402.5 
1050 COLORADO RIVER NEAR DOTSERO 14.3 63.7 57.1 55.6 51.7 63.5 103.5 217.8 358.5 IB5.1 104.1 78.6 1473.5 
1250 COLORADO RIVER AT GLENWOOD SPRINGS 19.B 6B.2 60.3 59.2 54.7 61.9 109.3 293.6 317.7 192.6 109.1 B3.5 1555.1 
1350 ROARING FORK RIVER NEAR ASPEN 2.2 1.1 1.6 1.4 1.2 1.4 2.6 11.5 22.8 9.9 3.0 2.2 61.6 
7400 HUNTER CREEK NEAR ASPEN .8 .6 .5 .4 .4 .4 1.1 1.7 15.8 5.9 1.5 .9 36.0 
B020 FRYlNGf'AN RIVER BELOW RUEDI RESERVOIR 4.2 2.9 2.4 2.2 1.9 2.3 6.1 35.4 62.9 26.5 9.2 5.0 161.6 
8500 ROARING FORK RIVER AT GLENWOOD SPRINGS 38.9 34.0 30.0 26.7 22.5 26.4 44.3 137.3 256.2 141.9 55.1 38.7 852.0 
8750 ELK CREEK NEAR NEWCASTLE .7 .9 1.0 1.0 1.0 1.2 1.6 1.7 9.0 2.2 .8 .4 27.5 
9100 WEST DIVIDE CREEK .8 .9 1.0 1.0 1.0 1.3 1.7 8.0 9.4 2.3 .8 .4 28.7 
9210 RIFLE CREEK .8 1.0 1.1 1.1 1.1 1.4 1.8 8.4 9.9 2.4 .B .5 30.1 
9350 PARACHUTE CREEK AT PARACHUTE .8 1.0 1.2 1.1 1.1 1.5 1.9 9.0 10.:5 2.6 .9 .:5 32.1 
9310 COLORADO RIVER NEAR DEBEQUE 122.B 108.0 91.1 92.2 84.1 103.3 16:5.4 486.9 698.2 349.0 166.8 123.2 2597.2 
9380 ROAN CREEK 7.2 7.0 1.4 6.4 5.1 5.9 7.1 10.1 8.7 6.3 6.5 6.8 85.2 
9550 COLORADO RIVER NEAR CAI1EO 129.B 114.9 104.5 9B.6 89.5 109.0 112.0 496.0 704.1 353.4 113.2 129.7 2674.6 
10500 PLATEAU CREEK NEAR CAllED 1.4 .9 .6 .5 .4 .:5 1.6 10.1 19.1 7.0 2.2 1.6 4:5.7 
10510 COLORADO RIVER BELOW PLATEAU CREEK 131.2 115.8 105.1 99.1 B9.9 109.5 113.6 506.1 123.2 360.4 115.3 131.2 2720.4 



A.1.2 VIRGIN FLOWS 

Virgin flows were estimated at each of the 45 nodes displayed in Figure A.1.1. Tables A.1.1 

and A.1.2 present the estimated average monthly virgin and historic flows at each model node. 

These estimates were made by considering effects due to reservoirs, transbasin diversions, in-basin 

diversions and return flows. The general formula used to estimate virgin flows at any node is: 

Q V = Q H + ~ + 0 1 - R + Reservoir Effects 

where QV represents virgin flows; QH is equal to historic flows; ~ is equal to upstream transbasin 

diversions; 0 1 represents upstream in-basin diversions; and R is equal to upstream return flows. 

Reservoir effects were estimated according to the following formula: 

Reservoir Effects = IH - 0H 

where IH represents historic inflow to the reservoirs and 0H is equal to historic outflow from the 

reservoirs. Computed inflow records were corrected for net evaporation losses from the reservoirs. 

Historic flow records were obtained on computer tape from the U.S. Geological Survey 

(USGS). Incomplete records were filled in by correlation with flow records at nearby gaging 

stations. Historic transbasin diversion records, reservoir inflows and reservoir outflow data were 

collected from USGS Water Resources Data books, and Bureau of Reclamation Annual Operating 

Plans. Homestake Reservoir inflow, outflow and tunnel diversions were obtained from the City of 

Colorado Springs, Department of Utilities. 

In-basin diversion records were obtained from the State Engineer. The information was 

provided on magnetic tape for the years 1975 through 1983, and as hardcopy for the years 1951 

through 1974. Incomplete records were filled in by inspection of trends occurring in the existing 

data and by correlation against records at nearby diversions. 

Return flows were estimated by applying techniques described in the USGS Open-File 

Report titled "Techniques for Computing Rate and Volume of Stream Depletions by Wells," (USGS, 

1967). The Procedure was utilized to develop a monthly return flow schedule for each stream node. 

Average distances between the irrigated areas and the stream were used in the calculations. 
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A.1.3 OPERATION STUDIES 

Six basic operation studies were conducted utilizing the Boyle Engineering Simulation Model 

(BESTSM). For each level of basin development (Existing, Moderate Future, and High Future), the 

model was run under the Hwithout pumpback" and the "with pumpback" condition. The "with 

pumpback" condition refers to the operation of the Green Mountain conveyance system with the full 

contents of the reservoir (except for water needed to meet minimum flow requirements below the 

reservoir) available for exchange. The "without pumpback" condition refers to the operation of 

Green Mountain Reservoir according to Senate Document No. 80 and subsequent stipulations and 

decrees. 

Proposed reservoir yields were estimated utilizing a supplemental reservoir operations 

model. The storable flows estimated at each site in the BESTSM simulations were used as input to 

the model. Reservoir firm yields were estimated by operating the model for each reservoir at various 

constant demands. Firm annual yield is defined for the purpose of this study as the constant volume 

of water that can be supplied every year without shortage during the study period of 1951 through 

1983. Table A.1.3 presents the estimated reservoir firm yields. The firm yields of Wolford Mountain 

A' Reservoir, Wolcott Reservoir and the reservoir combinations that include Wolcott Reservoir were 

estimated under two conditions. The first assumes unlimited pumping capacities from the Colorado 

and Eagle Rivers. In the second condition, the following pipeline capacities were utilized based on 

an optimization analysis. 

DIVERSION 
SOURCE 

Colorado River 
Eagle River 
Colorado River 

PUMPING 
CAPACITY 

150 cfs 
600 cfs 
600 cfs 

OFF-STREAM 
STORAGE SITE 

Wolford A' 
Wolcott 
Wolcott 

The storable flows that could be diverted with respect to the above limitations were 

estimated through daily flow analyses. The next section describes these analyses. 

A.1.4 DIVERTABLE FLOW ANALYSES 

Wolcott Reservoir was analyzed for two diversion alternatives: diversions from both the 

Eagle River and the Colorado River or from the Colorado River only. Wolford Mountain A' was 

analyzed for diversions from the Colorado River for supplementary storage. Limiting the divertable 
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flow on an average monthly flow basis does not produce the same results as if the restrictions are 

made on a dally basis. Less flow will be divertable on a dally basis because peak flows often exceed 

the diversion capacity. 

To accurately account for divertable flow, daily flow analyses were performed. The analyses 

required the development of daily available flow hydrographs at each of the diversion sites. This was 

accomplished by skimming the peaks off of the daily historic hydrograph, keeping track of the total 

volumes skimmed and comparing the volumes to the monthly available flow. A daily available flow 

hydrograph for each month was defined as the daily flow above the line where the total skimmed 

volume equaled the monthly available flow. The daily available flows were compared against the 

reservoir diversion capacity, and the divertable flows were summed up into monthly values. These 

flows were then used in the reservoir yield operation studies of Wolcott and Wolford Mountain A' 

Reservoirs. 

Historic daily flows were taken from the stream gages at Colorado River near Dotsero, at 

Eagle River near Gypsum and at Colorado River near Kremmling. 

A-1-6 



TABLE A.1.3 

ESTIMATED RESERVOIR FIRM ANNUAL YIELD 1) (1000 af/yr) 

PROJECTED EXISTING MODERATE FUTURE HIGH FUTURE 
RESERVOIR CAPACITY WIO WI WIO WI WIO wi 

{1000 af} PUMPBACK PUMPBACK 2) PUMPBACK PUMPBACK 2) PUMPBACK PUMPBACK 2) 

Wolford Mountain A' 3) 
wi Div Above Blue 120 54 44 50 42 50 42 

80 42 35 38 32 38 32 
60 33 27 29 25 29 25 

Wolford Mountain A' 3) 
wi Div Below Blue 120 56 (54) 49 (47) 51 (49) 46 (44) 51 (49) 45 (43) 

80 43 36 39 34 39 33 
60 35 28 31 26 30 26 

Wolford Mountain A' 
Muddy Cr. only 120 41 41 40 40 40 39 

Wolford Mountain C 80 32 31 31 30 31 29 
60 26 24 25 24 25 23 

l> 
I .... 

Red Mountain 140 59 58 58 56 56 54 I ..., 
110 52 51 49 48 47 47 
84 43 42 39 38 36 36 

Wolcott wi 3) 
Eagle & Colo. 350 183 (155) 175 (149) 178 (151) 168 (143) 163 (138) 159 (135) 

220 132 126 129 122 121 112 
160 99 97 95 89 90 82 

Wolcott wi 3) 
Eagle only 160 96 (83) 88 (75) 93 (81 ) 81 (70) 80 (69) 75 (65) 

140 89 83 85 75 74 68 
100 65 58 63 54 57 49 



:r .... 
I 

CD 

TABLE A.l.3 (continued) 

ESTIMATED RESERVOIR FIRM ANNUAL YIELD 1) (1000 af/yr) 

PROJECTED EXISTING MODERATE FUTURE HIGH FUTURE 
RESERVOIR CAPACITY W/O W/ W/O W/ W/O W/ 

(1000 at) PUMPBACK PUMPBACK 2) PUMPBACK PUMPBACK 2) PUMPBACK PUMPBACK 2) 

Azure 

Una 

Red Mountain 3) 
& Wolcott (Eagle) 

Azure & 3) 
Wolcott (Eagle) 

Red Mountain 
&Una 

85 
60 
40 

196 
150 
100 

300 

245 

336 

53 53 
38 38 
26 26 

150 150 
105 105 
55 55 

111 (98) 103 (90) 

146 (133) 134 (121) 

209 208 

51 51 48 48 
36 36 33 33 
24 24 20 20 

150 150 150 150 
105 105 105 105 
55 55 55 55 

109 (97) 101 (90) 106 (95) 98 

141 (129) 132 (121) 131 (120) 124 

208 206 206 204 

1) Firm Annual yield is defined as the quantity of water that can be supplied constantly every year without shortage during the 
study period of 1951 through 1983. Quantity expressed in thousands of acre-feet per year. 

(89) 

(114) 

2) Based on conveyance system pumpback to Dillon Reservoir drawing upon 152,000 at available storage in Green Mountain Reservoir. 

3) Firm annual yields presented without parenthesis are based on unlimited pumping capacities for river diversions. Yield figures in 
parenthesis are based on the following pumping capacities. 

DIVERSION PUMPING OFF-STREAM 
SOURCE CAPACITY STORAGE SITE 

Colorado River 150 cfs Wolford A' 
Eagle River 600 cfs Wolcott 
Colorado River 600 cfs Wolcott 
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A.2.0 PROBABLE MAXIMUM FLOOD STUDIES 

To size the spillways for Una and Red Mountain Dams, it was necessary to estimate the 

probable maximum flood (PMF) at each site. Estimates were made through the use of procedures 

outlined in Hydrometeorological Report No. 49, (National Weather Service, 1984), in the report 

Safety of Existing Dams (Committee on Safety of Existing Dams, 1983) and the HEC-1 Flood 

Hydrograph Model (COE, 1981). 

Hydrometeorological Report No. 49 was used to estimate general storm probable maximum 

precipitation (PMP). The report covers the region between the crest of the Sierra Nevada on the 

west and the Continental Divide on the east. The region extends north to the southern limits of the 

Columbia River drainage and to the south to the U.S. border. 

The HEC-1 model was used to compute basin runoff and to route the resulting sub-basin 

hydrographs down to the dam sites. The Soil Conservation Service's curve number approach for 

estimating direct runoff is included as an option in HEC-1. This option was utilized to generate the 

precipitation excess over each sub-basin. The precipitation excess values were then applied to the 

SCS Dimensionless Unit Graph to obtain sub-basin hydrographs at each concentration point. 

Routing of the resulting hydrographs was performed using the Muskingum routing techniques built 

into HEC-1. 

A.2.1 BASIN PARAMETERS 

The drainage areas above the Una and Red Mountain Dam Sites were divided into 15 and 3 

sub-basins, respectively. The sub-basin areas varied from about 200 to 900 square miles. The total 

drainage area above Una was estimated to be about 7300 square miles. Above Red Mountain, the 

drainage area was estimated to be about 1400 square miles. Basin lags were computed from the 

following equation: 

tp = 24n (L Lc/-JS) 0.38 
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where n is the Manning's roughness coefficient for overland flow, L is the length of the main stream 

from the sub-basin outlet to its divide, Lc is the distance from the outlet to a point on the stream 

nearest the centroid of the basin, and S is the average slope of the main water course. 

Runoff curve numbers were estimated from the Soil Conservation Service's (SCS) National 

Engineering Handbook (SCS, 1969), using hydrologic soil group and vegetation information. 

Travel times through river reaches were estimated by applying channel geometry and slope 

estimates to Manning's equation at various discharges. The resulting velocities and the measured 

reach lengths were then used to compute the travel times. 

A.2.2 PROBABLE MAXIMUM PRECIPITATION 

Two types of general-storm PMP were estimated for each site: orographic and convergence 

PMP. Convergence precipitation is due to atmospheric processes not affected by terrain, and 

orographic precipitation is caused by moist air forced upward by mountain slopes. Convergence 

PMP values were adjusted for barrier elevation, durational variation, areal reductions. The 

orographic PMP values were adjusted for area reductions and seasonal variations. Estimates of both 

types of PMP were made for both the Una and Red Mountain Dam Sites. 

A.2.3 HEC-1 SIMULATIONS 

The HEC-1 model was run separately to estimate PMF's at the Una and Red Mountain Dam 

Sites. At the Una Dam Site, the hydrograph computed by HEC-1 due to the PMP was superimposed 

onto an estimate of the 100-year flood hydrograph. Superimposing the 100-year flood provides for 

the consideration of 100-year snowpack conditions in the basin. Areas subject to snow 

accumulation require the evaluation of snowmelt as added contributions to flood flows. The 

procedure used is the method most often applied by the Bureau of Reclamation. The incorporation 

of snowmelt into the PMF estimate is also recommended by the Committee on Safety of Existing 

Dams (1983) and the Corps of Engineers HEC-1 documentation (1981). 

The 100-year flood at the Una Dam Site was estimated using the Corp of Engineer's Flood 

Flow Frequency Analysis program (COE, 1982). Historic instantaneous peak annual discharge 

records were used in the analysis. These discharges were taken from gage records at: Colorado 

River near DeBeque (1967-1984) and Colorado River near Cameo (1935-1966). The results of the 

analysis indicate that the 100-year peak flood discharge at the Una Dam Site is about 42,000 cfs. 
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A total 15-day volume was estimated for the 100-year flood by extrapolation of a curve 

dipicting historic 15-day volumes versus peak discharge. This volume was then used to estimate a 

15-day hydrograph by distributing the 100-year volume according to the historic distributions of 

several historic events that come close to the estimated 100-year peak discharge. This hydrograph 

was then superimposed (with peaks matching with respect to time) with the hydrograph generated 

by HEC-1 due to the PMP estimates. The PMF at the Una Reservoir Site has an estimated peak 

discharge of 340,000 cfs, and a total volume of 1,900,000 af. Figure A.2.1 presents the estimated 

PMF hydrograph at the Una Reservoir Site. 

The PMF at the Red Mountain Site was computed through a similar procedure. The nearest 

gaging station to the site is Colorado River near Kremmling. The period of record at this station is 

short. Therefore, the flood frequency estimates made at this station were adjusted to reflect the 

flood experience at the Cameo and DeBeque gages. The 100-year peak discharge at Colorado near 

Kremmling was reduced by the ratio of the square root of the drainage areas to get the 100-year peak 

discharge at the Red Mountain Dam Site. The estimated 100-year peak discharge at the site was 

estimated to be 15,100 cfs. The hydrograph of the 100-year event was estimated in the same way as 

the 100-year hydrograph at the Una Site. The 100-year hydrograph was then superimposed with the 

hydrograph generated by HEC-1 due to the PMP estimates. 

The estimated peak discharge for the PMF estimated at the Red Mountain Dam Site equals 

240,000 cfs and the total volume is 680,000 af. Figure A.2.2 presents the estimated PMF hydrograph 

at the Red Mountain Dam Site. 

Figure A.2.3 presents a comparison of the probable maxi,mum peak discharges at the Una 

and Red Mountain Dam Sites against previously estimated peak discharges at the Wolcott, Wolford 

and Azure Dam Sites. The graphs depicts peak discharges per square mile versus drainage area. It 

can be seen that the estimated peak discharges at the Una and Red Mountain sites compare 

favorably against the Creager Envelope Curve. The Creager formula describes an empirical 

relationship between drainage basin characteristics and peak flood discharges: 
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-0.048 
q = 46CA (0.894A -1) 

where C is dependent on geographic climatological and hydrological characteristics of the basin, 

and A is the drainage area in square miles. The value of q is in cfs per square mile. (Committee on 

Safety of Existing Dams, 1983). It was estimated that a C value of 45 is representative of the Upper 

Colorado River Basin. 
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FIGURE A.2.2 
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C.1.0 INTRODUCTION 

This report presents a summary of preliminary geotechnical investigations for the following 

projects: 

o Wolford Mountain Site A' Dam and Reservoir 

o Red Mountain Dam and Reservoir 

o Conveyance System to Dillon Reservoir from Green Mountain Reservoir 

The investigations were carried out by the geotechnical firm Chen & Associates to provide 

geotechnical and geological information as a basis for the reconnaissance level study of the dams 

and reservoirs and conveyance system pipeline and pump stations. Each investigation included a 

review of available information, geological reconnaissance, field investigation, laboratory testing and 

analyses. 

Dam and Reservoirs 

Geologic studies of the dam and reservoir areas employed aerial photographs, published 

information and field observations. Detailed geologic maps were developed from geological 

reconnaissance of the site. 

Samples of the soil and bedrock obtained from the exploratory program were tested in the 

laboratory. Standard properties and strength characteristics of the dam foundation materials were 

evaluated. 

Conveyance System 

A generalized soil profile was obtained along the alignment by drilling at selected locations 

to develop opinions on the potential impacts of geotechnical factors such as shallow ground water, 

rock excavation and existing landslides on the proposed construction. Material samples obtained 

during the field exploration were tested in the laboratory for classification and gradation 

characteristics. 
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C.2.0 WOLFORD MOUNTAIN SITE A' DAM AND RESERVOIR 

Wolford Mountain Site A' Dam and Reservoir would be constructed on Muddy Creek near 

Kremmling, Colorado, shown on Figure C.2.1. The information In this section Is from "Preliminary 

Geotechnical Investigation Wolford Mountain Dam and Reservoir Site A' Kremmling, Colorado, Chen 

& Associates, September, 1986. 

C.2.1 FOUNDATION CONDITIONS 

Three exploratory holes, 1 through 3, were drilled at the preliminary dam axis. Hole locations 

and surface geology are shown on Figure C.2.2a. The legend for the surface geology map is 

presented in Figure C.2.2b. After the field investigation was completed, a revised dam axis was 

identified slightly upstream of the original dam axis. No holes were drilled at the revised dam axis. 

The following discussion of the dam foundation conditions is for the original axis. Very similar 

conditions are expected for the revised dam axis with the exception that the terrace gravels on the 

left abutment probably will have less impact on the dam. 

A layer of alluvial soil up to approximately 30 feet in thickness can be anticipated overlying 

the bedrock in the valley bottom based on the conditions encountered In Hole 2 and Holes B-1 and 

B-3. Valley bottom soils consist of interlayered silty sands, clayey sands with scattered gravels, and 

sandy clay. 

On the left abutment, Hole 1 encountered 38 feet of terrace sands and gravel overlying 

bedrock. Boring 3 on the right abutment encountered 15 feet of colluvial soils overlying bedrock. 

The Cretaceous-age Pierre Shale underlies the overburden soils. This material consists of 

dark-gray shales and claystones with several fine-grained, thinly-bedded sandstone beds from 20 to 

50 feet in thickness. The sandstone is generally moderately cemented. Rock quality designation 

(RQD) in the bedrock was generally high, averaging greater than 90 percent below 10 feet from the 

bedrock surface. 
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Laboratory test results on samples of the bedrock indicate unconfined compressive 

strengths ranging from 8,400 psi to 13,300 psi. A soft clay seam, 3 inches in thickness, was 

encountered in Hole 2 at a depth of 75 feet. Based on the laboratory test results, this may be a layer 

of bentonite. 

The rock mass rating (RMR) classification of the bedrock was calculated. This rating system 

provides a quantitative method of categorizing the engineering character of the rock mass based on 

core hole information. The classification system is based on six parameters; (1) the uniaxial 

compressive strength of the intact core; (2) the rock quality designation (RQO); (3) the Joint or 

fracture spacing; (4) the joint or fracture orientation; (5) the jOint or fracture condition; and (6) the 

ground water condition. Relative weighting factors are attached to each of the six parameters which 

are summed to obtain a RMR on a scale of 0 to 100 (Class 1 to Class 5). An average RMR of 50 was 

obtained. This values Indicates the rock is generally fair. Based on the RMR value, a rock mass 

strength envelope with a friction angle of 350 and a cohesion of 300 psi may be used for modeling 

the foundation materials. 

Ground Water 

Free water was measured in Hole 1 on the left abutment at a depth of 53 feet below the 

ground surface when checked on August 28, 1986. Free water was not encountered in Hole 3 on the 

right abutment. Free water was encountered in Hole 2 at a depth of 6 feet in the valley bottom. The 

water levels appear to indicate the ground water regime is recharging Muddy Creek. 

Foundation Permeability 

In-place packer permeability tests were conducted in the shale and sandstone bedrock in 

Holes 1 and 2. Results of the 12 tests indicate variable permeabilities from 0 feet per year to 361 

feet per year. 

Spillway 

No exploratory borings were drilled in the proposed spillway location on the left abutment. 

Based on the conditions encountered in Hole 1, a layer of terrace gravels should be anticipated 

consisting of silty sand and gravel to a depth of approximately 30 feet along the spillway alignment 

where it cuts through the existing ridge. Beneath the gravels, Pierre Shale will be encountered. 

Pierre Shale outcrops were noted on the north side of the ridge where the spillway will discharge 

into Muddy Creek. 
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Outlet Works 

No exploratory borings were drilled for possible outlet works alignments. For an outlet 

works location on one of the abutments, the bedrock will consist of Pierre Shale with possible layers 

of sandstone. 

C.2.2 SUBSURFACE EXPLORATION PROGRAM 

The field investigation included nineteen exploratory borings in the dam, remote spillway, 

tunnel and borrow areas. Locations of the borings are shown on Figure C.2.2. The exploratory 

drilling was conducted with a Mobile B-SO drill rig and a CME-45 drill rig. Drilling was conducted in 

general accordance with ASTM 0-1452 and 0-2113 procedures. 

In the dam foundation, Hole 1 through 3 were advanced through the overburden soils with a 

7-inch diameter hollow stem auger. Exploration of the underlying bedrock in Hole 1 and 2 was 

accomplished with NX diamond bits which obtained a 1 7/S-inch diameter core sample. Continuous 

test hole logs were made. 

Samples of the overburden soils were obtained with 2-inch and 1 3/S-inch 1.0. spoon 

samplers. The samplers were driven into the various strata with blows from a 140-pound hammer 

falling 30 inches. This test is similar to the standard penetration tests described by the ASTM 

method D-15S6. Depths at which the samples were taken are shown on the logs of exploratory holes, 

Figures C.2.3 through C.2.S. Figure C.2.9 contains the accompanying notes. Samples were obtained 

at approximate 5-foot intervals. 

Bedrock core obtained from the holes was logged. A description of the core included a 

lithological description and a systematic classification for alteration and hardness of the material. 

The alteration and hardness were based on the field identification procedures. Discontinuities in the 

core were logged for orientation, roughness, planarity and filling. The fractures per foot were also 

recorded. 

Rock quality designation (ROD) of each core run was calculated. The method was developed 

by Deere, 1966, and is used to provide a field standard for the classification of rock quality. The ROD 

is calculated as the total length of core pieces 4 inches in length or greater divided by the length of 

each core run. The ROD values were calculated immediately upon removal of the core from the core 

barrel. The ROD values are shown on the right sides of the boring logs. 
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In-place permeability throughout portions of Holes 1 and 2 were measured at 1 a-foot 

intervals by conducting single-stage packer permeability tests. The packer permeability tests were 

used to evaluate zones of high permeability. The tests were conducted after each 1 a-foot section of 

hole was cored. The test consisted of placing a pneumatic seal 10 feet from the bottom of the hole. 

Water was then pumped under pressure into the test section. The water was pumped at a measured 

pressure and the flow recorded until a constant flow rate was obtained. The test was conducted at 

an initial pressure and then the pressure was increased and the test rerun. The water pressure was 

then returned to the initial pressure and the test conducted for a third time. The permeability of the 

test section was taken as the average of the tests run for each section. Results of the packer tests 

are shown in Table C.2.1. 

The exploratory borings drilled in the remote spillway, the tunnel outlet and the borrow area 

were advanced using 4-inch diameter continuous flight augers and relatively undisturbed samples 

of the soil and bedrock were obtained at approximate 5-foot intervals. The bedrock was cored in 

Hole 4. 

Plastic pipe observation wells were installed in Holes 1 through 6 for continued water-level 

monitoring. The observation wells were installed with a perforated zone extending the entire depth 

of bedrock in each hole. Measurements of the water level were made with a weighted plumb line 

subsequent to drilling. The water levels and the date of measurement are shown on Table C.2.2. 

C.2.3 LABORATORY TESTING PROGRAM 

A laboratory investigation was conducted to study the standard properties and engineering 

characteristics of the materials obtained from the test holes. Samples obtained from the exploratory 

holes were examined and classified in the field by the project geologist. The samples were then 

returned to the laboratory for examination and visual classification by the project engineer. Samples 

were selected for testing and the remaining samples were placed in storage. Laboratory testing was 

performed on the selected samples to determine their classification, moisture content, density, 

strength, compaction and pinhole dispersion. Results of the testing have been filed with the 

Authority. The testing was conducted in general accordance with recognized test procedures, 

primarily those of the American Society for Testing and Materials (ASTM). 
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Table A1 PERM - Page 1 TABLEC.2.1 

Summary Of Packer Permeability Tests 
Project: Wolford Mt_ Dam 
Job No_: 1-471-86 
Date: 9-1-86 
Operator: Mock 

Hole 
No_ 

Top Bottom Test 

2 
2 

2 

2 

2 

2 

2 

2 
2 

2 
2 
2 

2 

2 
2 

2 
2 
2 

2 
2 
2 

2 
2 
2 

2 
2 
2 

Test Test Length 
Sec_ 
(ft) 

52 
52 
52 

60 
60 
60 

70 
70 
70 

37 
37 
37 

45 
45 
45 

55 
55 
55 

65 
65 
65 

75 
75 
75 

85 
85 
85 

95 
95 
95 

105.4 
105.4 
105.4 

110 
110 
110 

Sec. 
(ft) 

60 
60 
60 

70 
70 
70 

80 
80 
80 

45 
45 
45 

55 
55 
55 

65 
65 
65 

75 

75 
75 

85 
85 
85 

95 
95 
95 

105 
105 
105 

115.4 
115.4 
115.4 

120 
120 
120 

(ft) 
8 
8 
8 

10 
10 
10 

10 
10 
10 

8 
8 

8 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

Hole 
Dia. 

(in) 
3 
3 
3 

3 
3 

3 

3 

3 
3 

3 
3 
3 

3 
3 
3 

3 

3 
3 

3 
3 
3 

3 
3 

3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

Total 
Head 

(ft) 
111 
169 
111 

145 
238 
145 

145 
238 
145 

64 

122 
64 

64 

122 
64 

99 

191 
99 

99 

191 
99 

110 
214 
110 

110 
214 
110 

122 
237 
122 

122 
237 
122 

122 
237 
122 

Project File: WOLF 
Base Program: PERM 
Unsorted 

Water 
Take 

Perm. Avg. 
Perm. 

(gpm) (ft/yr) (ft/yr) 
0.2 13 7 
0.2 8 7 
0.0 7 

0.0 
0.4 
0.2 

0.0 
0.8 
0.0 

0.4 
3.8 
2.5 

7.1 
9.2 
2.2 

0.0 
0.0 
0.0 

0.1 
0.0 
0.0 

0.0 
0.5 
0.0 

0.0 
0.1 
0.0 

0.0 
3.7 
0.0 

0.2 
5.3 
0.1 

0.0 
6.0 
0.4 
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9 

8 

o 
17 
o 

36 
184 
228 

542 
371 

169 

o 
o 
o 

4 
o 
o 

2 

11 
o 

o 
3 
o 

o 
77 
o 

8 

110 
4 

o 
124 
15 

6 
6 

6 

6 
6 
6 

149 
149 
149 

361 
361 
361 

o 
o 
o 

4 

4 

4 

26 
26 
26 

41 
41 
41 

46 
46 
46 

Material 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Sandstone 
Sandstone 
Sandstone 

Sandstone 
Sandstone 
Sandstone 

Sandstone 
Sandstone 
Sandstone 

Sandstone 
Sandstone 
Sandstone 

Depth 
Ground 
Water 
(ft) 

53 
53 
53 

53 
53 
53 

53 
53 
53 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 

6.2 
6.2 
6.2 



TABLE C.2.2 

'D\BLE A-2 
S~ OF WATER LEVEL READIl'GS 

Job No. 1 571 86 

ft>le Tbne of Drilling 8/28/86 9/4/86 10/1/86 

1 N.M. 53.0 53.0 54.0 
2 N.M. 6.2 6.4 7.0 
3 N.M. N.E. N.E. N.E. 
4 N.E. N.E. N.E. N.E. 
5 N.E. N.E. N.E. N.E. 
6 N.E. N.E. N.E. N.E. 
B-1 120 N.M. N.M. N.M. 
B-2 4.0 N.M. N.M. N.M. 
B-3 8.2 N.M. N.M. N.M. 
B-4 7.1 N.M. N.M. N.M. 
B-5 4.0 N.M. N.M. N.M. 
B-6 5.0 N.M. N.M. N.M. 
B-7 3.0 N.M. N.M. N.M. 
B-8 N.E. N.M. N.M. N.M. 
B-9 4.5 N.M. N.M. N.M. 
B-1 0 7.8 N.M. N.M. N.M. 
B-11 N.E. N.M. N.M. N.M. 
B-12 N.E. N.M. N.M. N.M. 
B-13 N.E. N.M. N.M. N.M. 

N.M. - N>t M:!asured 
N. E. - Not Ehcountererl 
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NOTES: 

1.) EXPLANATION IS ON FIG. 3. 

2.) GEOLOGIC CROSS SECTION SHOWN ON FIG. 4. 
FIGURE C.2.2. 

1 571 88 I Chen & Associates WOLFORD MOUNTAIN DAM SITE A' SURFICIAL GEOLOGIC MAP Fig. 2 



EXPLANATION: 

SURFICIAL DEPOSITS: BEDROCK UN1TS: 

to ,. 

~ ~{ ~ ----.... CON rACT "'u ,~ Approxlmat e boundary VALLEY ALLUVIUM ' ... PIERRE SHALE ~ ... of ma ~ units • Undifferentiated u 

~ ~.u. ~ • ALLUVIAL FAN STRIKE AND DIP OF BEDS ~ 
a . ( 
~ 
~ 

I Qt 1•2 1 
~ A A' 0 

TERRACE ALLUVIUM GEOLOGIC C~ OSS SECTION 

t 

~ 
,I • ~-1 

TEST HOLE 
COLLUVIUM Approxlma ~e location 

" 

Qc ~Kp 
" 

DUAL ~ YMBOL 
Represents s. rflclal deposit 

overlylne bedrock 

-~--+--~-
SYNf UNE 

Approxlmat location of 
syncl .. e axis 

FIGURE C.2.2b 

1 571 88 I Chen & A~sociates I WOLFORD MOUNTAIN DAM I L_GEND FOR 8URFICIAL GEOLOGIC MAP I f1&. 3 



'OM LOC 
.... 110. 57 J 86 

Project Wolford Hountain Site A' 

'r~ 1101. _____ _ [J.v.tlon _ ...... 7.-4,;:;46:;:,· __ 

inri", of 
AlIt I. 1101. ____ _ 

IilOLOCItLOC 

~~ (eL) Sandy to very sa ndy. 
low plastic. stiff. dry, brown. 

Sand and Gravel: (SH-GH) fine to 
coarse ~trained, s i It y, 51 ightly 
~Iaycy. dense tel VCI"y den~c. 

dry Lo moi 5t, 01 ive brovm. 
10 

15 

20 

ZS 

)0 

35 

SandsLone : Olive gray. bedded, fine ~ 
grained. si Ity. friable Lo hard. 
moist. numerous thick interlayers 
of siltstone and shale. 
Iron oxide staining to 60 ' 

Sh.ll .. : Olive tan. low plaslic to 
moderately hard, moist with 
numerous thin fine grained 
sandstone layer s . 

ItS 

so 

50/9 

28/12 
we~4 .3 

-200=11 

19/6 ,33/6. 
47/6 

BOKISI.8 
ue - 84DO 

Sfleet -.!- of 

location __ L_e_f_t_A_b_u_t_me __ n_t ______________________ __ 

Tot. 1 
80.0 ' o.,.th _...;..~_ 

Depth of 
Ov.rtlur4eft __ ....;.39;;.;.,. a;.,..· _ 

Depth of 
Wat.r not encountered 

OIS'OIITIIIIITY LOC 

let .... 
'1,,1 .... 

8/20/86 

8/21/86 

Depth en4 [I.v.tl~ 

o 1",d",,1 

5 

10 

IS 

20 

Hole advanced from o· to 
40.0' by 0.0 . hollow stem 
auger. 

Severa I .io i nt s .Iong bedd i ng . 
slight Iy rough . planar. clean . 
Hole advanced from 40.0' to 
80.0' with NX core bit. 

Fracture/ft . 

0/67 

0/80 

~ Standard penel rat ion test. 8Coresample tested 

Pi Pack e r permeability tc~t ":.cction 11 K in [t/yr. 
LOG OF HOLE 

I 571 86 Fig. A-I 



COR[ LOG 

Itol. ___ .:...._ COfttlnued 

GlOlOGIC LOG GRA!'HIC LOG 

~-------------- 50 ...,.....---'=';:""';';=i'T 

Shale - continued 
with numerous silty, sandy lenses . 

55 

60 

65 

70 

75 

~ _____ --------------___ 80 -r------~+ 

85 

~O 

95 

100 100 

105 05 

110 ....... ____ ........... _ .... 110 

She.t~ of ~ 

DISCONTINUITY LOC 

And [1.".tIOft IFHtl o FracturelTt . 

] Zone of co re loss 

Several joints along 
bedding, sl ightly rough, 
planar . 

Bo ttom o f hole at 80 . 0' 

5 10 
Fracture/ft. 

o 50 100 

0171 

8/93 

100/100 

11111111111 

o 50 I 

PIGUA. C.II.3b 



I 571 86 

'roj.ect ~olford Mountain Site A' 

'r~ 1101. __ ,.j2 __ _ EI.v.tlon 73;6' 

Alltl. fro. 
IIorl_t.1 

"'rl"lof 
Alltl. Hoi. 

!ilk05IC L05 

Santi: (5,",) silty , stiff . moist. brm"m. 

~: (ell ,i Ily, ,I i'lhlly ,.)ndy. 
~t i rr, very moi~l, brown. 

Sand: (SM) si 1·ly, dcnse, moisl to 
\",et, brrn-m, scattered gravel. 

Sandstone: dark gray, fine gra i ned, 
moderately hard, moist . 

Shale: dark gray, very low to low 
hardness, moist. 

~ Standard penelralion Icsl. 

~ Packer permeabi lily le.l section 

K in ft/yr 

5 

10 

30 

3S 

1t5 

so 

COM L05 

10/12 
WC-19.6 
OO-106.~ 
-200-68 
LL~25 

PI-7 
6/12 

~~/6 

50/3 

K=149 

K=361 

Loc.tlon __ ~O~a~m~ee~l~lt~e~r~l~i~n~e ____________________ __ 

Tot. I .... th of 
hIt'h ) 29,0 ' Ove~r'" ___ 2.7"" .... 5""' __ _ 

D.pth of 
Wet.r 8,gl 

... un 8/22186 

'IAI~ 8/22/86 

DIKOITIIIIITY L05 

.... th eR4 EI.v.tlon 
o 

5 

Hole advan~ed rrom 0' 
to 35 . 0 ' wi lh 7" 0.0 . 
ho I 1"", s tern auger. 

I." .1.".1 

Hole advanced fron 35 .0' to 120 . 0' .. i th 
NX core bit. 

Zone of probable core loss 

Zone of probable co re loss 

a 
Fracture/ft. 

LOG OF HOLE 

571 86 Fig. A-2 



". lID. --:. .... 51,L7.:.,1 ..:::8~6 _ 

1101. __ -= __ CClfttll,uecj 

IOEOlOGIC LOG 

Shale - continued 

55 

60 

65 

BO=157 . 4 
uc=8.900 

70 K=I 

75 WC=27. 0 
-200=100 
LL=55 
PI - 36 

80 K=4 

85 

Sand s to ne: I ighl gray. f i ne to medium 
Qrai ne d , ha rd, ceme nt e d , moi ~ t , 

\~ilh c clrbona~eou ~ shale s and 
claystone inclusion s. 

90 

95 

100 

105 

110 

K= 26 

K=41 

COAl LOG She.t --l.- . of---L 

DISCONTINUITY LDe 

J Ve r y soft. plast i c zone 
3 inches thick . 

-- Zone of probable core loss 

5 10 
F"~lclurt>/fl. o 

95/95 

1001100 

9S/9S 

95/95 

100/100 

100/100 

Piau". C.R.4b 



". lID. 1 571 86 CO«f LOC 

1101. ___ 2 __ ContInued 

'fOlllClC LIIC 'IIA'HIC LOC 

Sandstone : - continued llO 

ll~ 

~-----------------------------12~ 

S .... t 

D I SCOMT IIIU I TV LOG 

Dept 
1:0 

us 

h .nd EI.y.Clon r .. t 

Bottom of Hole at 120.0' 
:20 5 10 

Fracture/ft . 

of 

I 

100/100 

91/91 I 
100/100 

/''''j1I1'1 
o 50 I 



COlI LCMi 
J.- 110. ) 57) 86 

Wo I fo r d Kountain Site AI 
Project 

Gr-.cl 
Hole 3 (Ievnlon Z420' . 

AIIgie frc. .. erlng of 
Horizontal -90 0 

AIIlie Hole 

G(OLCMi I C LCMi 

~----------------------------o 

S a nd : (SC) , clayey. occa s ional 
pie c e S 0 f c I a y s tone , mcd j urn 
dense, light moist. light brown. 

~: (Cl). sandy, very s tiff, light 
lIIo i~l. brown. 

5 -

10 -

GAAl'HIC LCMi 

Teu Ita ... I " 

21/12 

19/ I 2 
WCzI2.B 
00=114 . 7 
-200=80 

~----------------------------------~--lc;2~ 
Sand : (SC) . c layey, medium dense, light PI=12 
moist, light b rown . 27/12 

~---------------------------IS 
Sha le: gra y. very hard, 
I ight moist . 

Bo ttom o f h o l e 23 . 0 ' 

20 -

25 -

30 -

35 -

i!O -

115 -

100/0 

Sheet __ 1 __ of 

Location __ R_i~g_h~t_A~b~u~tme~n~t ___________________ __ 

Total Depth of 
Depth ___ .,;:2;.,3.,; • .,;:0;,.'_ OverburMn _~1"",5~ . .;;0_' __ 

Depth of 
Water not en~ountered 

DISCOIITI*,IYY LCMi 

Depth an4 (Ievatlon (F .. t) 
o 

2S 

30 

- 35 

Ieg .. n 8 / 26 / 86 

Finished 8 / 26 / 86 

I t RQD/ 
t lIecovery 

o 50 IDC 

1",d",,1 

50 ..... ---~ ...... ---' ... 50 

~ Standar d pene trati o n t es t. 

Cben " Auociates 
LOG OF HOLE 3 

I 571 86 Fi g .A-3 

PIGUA. C.2.11S 



tOAl LOG 
Joe No , _.:..1 ... 5:.:,7.:..1 ..;;:8:::,6..,. 

Project Wo lfo rd Muunt a in Darn 

Ciround 
Hole __ .....:4:......_ Elev.clon _.i.Z.::;44;::;0:.,' __ 

.. erlng of Angl. from 
Horlzontel Angl. Hole __ ~;...._ 

CiEOLOCi I t LOCi 

C I d y T U ~.h ll i I : ~dndy. so f l I 1110 i ~ l. tan . 

~..!~.:t: (CLl . , a ndy. s tiff . light mo ist . 
brf MIl. 

Sa nds t one : (55) . we ll ceme nted . f i ne 
q r a in e~ve ry ha rd, dry, gray. 

GWHlt LOG 

: 

Sheet __ 1 __ of 

Locet Ion _.:.A:.;.1.::o:.:.n.:.9 ..;P:,..i:.,:p:,:;e;.,;1.:.i:.:.n:;.";.5;.' ;.,;N:;;o:.:.r..:.t.:.:h_e;;n~d:.... ____ _ 

Totel Depth of 
Depth 13 , 0' Overburden 12 . 0' 

Depth of 
Weter tlo t Enc ountered 

D I StOllTl NU I TV LOCi 

Depth end Elevetlon 

o 

s 

Ho le ad vanc e d from 0 . 0 ' 
to 13.0' "i th 4" auger . 

Ho le advanced fr om 

aegun _ ... q~/ .. 3~/ 8~6~ 
Flnllhed 9/3 / 86 

13.0' to 48.0 ' with NX core b i t 

88/90 

100/100 

86/100 

30 " H~aded 

100/100 

100/100 

100/100 

100/100 

Bo tt om o f Hole 48.0 ' 

Chen & Associates 
LOG OF HOLE 

I 571 86 Fi g . A-4 

FIGURE C.R.S 
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COM LOC 
....... I 571 86 

Project Wo'ford t'o'O'aio Site AI 

'r-.4 Itole __ .....;5 ..... __ _ Elevatl. Z~30' 

"'rl", of 
"",Ie 110 Ie __ - -_-__ 

UOLOCIC LOC 

~---------------------------o 

Sand : clayey (SC) silt y, aeea, i ona I 
piece ~ of sandstone and clay stone . 
lu(.Jsc ((J medium dense, I iqhl !noi.,l. 
I iqht bfovm. 

5 -

10 -

15 -

20 -

25 -

)0 -

)5 -

~-------------------------~ 
Sand: silty (S"), occasional piece. of 
sandstone and claystone, medium dense, 
mo i S l, brown. 

so 

~ Standard Penetration TEst 

&WHIC LOC 

Telt Relul tI 

9/ 12 
WC=16.3 
-200~72 

SIIMt --L..- of -L-

~tl. _____ T~u~n~n~e~I~O~u~t~le~t __________________ _ 

Total 
Depth ]9.0' 

Depth of 

Depth of 
Ovenur..... 39 . 0' 

Water not encountered 

D I SCOIIT 1l1li I TV LOC 

Depth Ift4 llewatl. (, .. t) 

o 

Hole advanced from 
0 . 0' to 70 . 0' with 
$" auger 

LOG OF HOLE S 

I S7I 86 

I 'RQPI 
, Recovery 

o )U lUll 

111,.1",,1 

Fig . A-S 
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Ito •• 5 Contln .... 

GEOlOG I C LOG 

Sand-silt:t : (SH). continued . 

60 

Sandstone : well cemented. fine grained. 
very hard. 65 

75 

80 

85 

95 

100 

105 

110 

Coal LOG 

GRAPH IC LOG 

75 

100 

05 

-'-____ L.LI'--~I 10 

Shut 2 of 

DISCONTINUITY LOG 

(r .. t) 

Bottom of Hole 70.0' 

1""111111 
o 50 I 

~IClUA. C ••• 7b 
l~ of Hull' 5 
I 571 86 

Fig. ___ _ 
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".. .... I 571 86 

'roJect Wolford Mountain Site AI 

Ground 
Hole 6 Uevulon 741QI 

AII,I. frOM 
_'100 

HorIMlllt.I 

GEOL051 C L05 

~: ,andy (CL). s tiff. l ight 
mo i ':lol. I ighl brQl.-m. 

Shale : 01 ivc to gr~""!y. fine 
grained, ve ry hard, I i~ht moist. 

Bottom of ho le 30.0' 

"erl", of 
AII,I. Hoi. 

35 

COM L05 

Locetlon ____ ~R_~_~~t~e~S~p~il~I~\"~a~y ________________ ___ 

Totel Depth of 
Depth }Q. 0 ' Ov.r~r"'" ...:;,2;,,:.0:.,' __ __ 

Depth of 
wet.r not encountered 

DISCO'TI .... ITY L05 

Depch aft4 llev.clon 
o 

5 

10 

15 

20 

25 

Hole advanced from 
0 . 0 ' to 30.0' with 
411 a uger 

letun 
Flnhhecl 

8 /26/86 
8/26/86 

1, .. .1",,1 

30------------------------------------~ 

35 

so ....... ___ '""""'"1.-"- SO 

~ Standard penetrat ion test . 

LOG OF HOLE (, 

I 571 86 Fig . A-6 

flIClUA. C •••• 



NOTES: 

1. Exploratory borings were drilled between August 20,1986 and September 19,1986 
with a 4-inch diameter continuous fl ight power auger, a 7-inch diameter 
continuous fl ight hollow stem power auger and a NX core bit. 

2. Locations of borings were measured approximately by pacing from features shown 
on the site plan provided. 

3. Elevations of borings were obtained by interpolation between contours on the 
U.S.G.S nil Kremml ing quadrangle. Elevations of Holes 1 and 2 were based on 
contours provided by Boyle Engineering Corporation. 

4. The boring locations and elevations should be considered accurate only the 
degree impl ied by the method used. 

5. The I ines between materials shown on the boring logs represent the approximate 
boundaries between material types and the transitions may be gradual. 

6. Water level readings shown on the logs were made at the time and under 
conditions indicated. FI~ctuations in the water level may occur with time. 

7. LABORATORY TEST RESULTS 

WC=Water Content (~); 
DD=Dry Density (pcf); 
BD= 
-200=Percentage Passing No. 200 Sieve; 
LL=Liquid Limit (1;;); 
PI=Plasiticity Index (%); 
UC=Unconfined Compressive Strength (psi); 

8. 7/12 Drive sample blow count. Indicates that 7 blows of a 140-pound hammer 
fall ing 30 inches were required to drive the Cal ifornia or SPT sampler 12 inches. 

FIGURE C.2.S 

I :>71 86 I Chen & Associates I NOTES I Fla· A-I 0 



C.3.0 RED MOUNTAIN DAM AND RESERVOIR SITE 

Red Mountain Dam and Reservoir would be constructed on the Colorado River approximately 

1 mile east Kremmling, Colorado, shown on Figures C.3.1. The information in this section is from 

"Preliminary Geotechnical Investigation Red Mountain Dam and Reservoir Kremmling, Colorado", 

Chen & Associates, September, 1986. 

C.3.1 FOUNDATION CONDITIONS 

The preliminary subsurface configuration and physical characteristics of the foundation 

materials of the dam area were investigated by drilling nine exploratory borings. Figure C.3.2a 

shows the locations of the borings and the surface geology. Figure C.3.2b is the legend for the 

geology map. In-place permeabilities of the bedrock in the dam foundation were measured using 

packer permeability tests. 

Six exploratory holes were drilled along the dam axis. The conditions encountered in the 

borings on the left abutment and terrace on the left side of the Colorado River consist of a layer of 

terrace sands and gravels, 5 to 19 feet in thickness, overlying fractured gneiss bedrock. A layer of 

colluvial soils was encountered in Hole 6 at the toe of the left abutment. 

The valley bottom consists of alluvial sandy silt and sands and gravels. These materials were 

encountered in Hole 2 to a depth of 47 feet. A 6-foot thick layer of sandy silt overlying the bedrock 

was encountered in Hole 9. The deep silts were not encountered in Hole 2, but should be 

anticipated erratically in the valley alluvium. The maximum depth of alluvial soils may be greater 

than that encountered in the exploratory holes due to the large width of the valley bottom. 

A thin deposit of terrace sands and gravels is located on the right abutment at approximately 

the elevation of the embankment crest. This layer of terrace gravels was encountered to a depth of 

15 feet in Hole 1. 

C-3-1 



The entire dam axis is underlain by Precambrian-age gneiss. The gneiss is moderately to 

highly fractures due to the proximity of the dam site to the Williams Range Thrust Fault. The RQD 

ranged from 0 to 98 percent, with an average RQD of 43 percent. Difficult drilling conditions were 

encountered in Hole 3. The hole squeezed in on the drill stem during the drilling process. 

Results of the unconfined compressive strength tests indicated uniaxial strengths ranging 

from 1,500 psi to 5,000 psi. These relatively low strengths resulted from the many healed fractures 

in the core which failed in the test. The average calculated RMR classification of the bedrock was 

36. This values indicates the rock is of poor quality. 

Ground Water 

Free water was measured in Holes 1, 2, 3, 4 and 9 along the dam axis. Free water was 

encountered at depths ranging from 2 to 29 feet below the ground surface as shown on Table C.3.1. 

These water levels appear to indicate the ground water is flowing towards the Colorado River Valley 

at the dam site. 

Foundation Permeability 

In-place packer permeability tests were conducted in the gneiss bedrock in Holes 1, 2, 3 and 

4 along the dam axis. Results of the permeability tests are shown on Table C.3.2. Thirty-one tests 

were conducted in the gneiss in the dam foundation. A majority of the tests were conducted in 

Holes 1 and 2. Results of the tests in the gneiss indicate variable permeabilities from 1 to 214 feet 

per year. In Hole 1 the permeability was low and ranged from 1 to 14 feet per year. In Hole 2 the 

permeability increased with depth. Above a depth of 100 feet the permeability averaged 25 feet per 

year whereas below 100 feet the permeability averaged 85 feet per year. No correlations were made 

for the tests run in Hole 3 and 4 since the number of tests was limited. 

Outlet Works 

The proposed outlet works may involve a conduit placed in a cut and cover excavation in 

bedrock in the left or right abutment. A cut may also be made for a temporary diversion of stream 

flow during dam construction. The conditions encountered in the cuts made in the left and right 

abutments will consist of highly-fractured gneiss bedrock. Free water will also be encountered in 

the excavation. Cuts in the bedrock should be planned at 1:1 slope. Steeper slopes may be possible 

in areas which are not highly fractured. 

C-3-2 



TABLE C.3.1 

'mBLE A-2 

StJ.!MAR.Y OF WATER LEVEL READltGS 

fble Time of Drilling 

1 
2 
3 
4 
5 
6 
7 
8 
9 

N.M. - ~t l'oEasured 
N.E. - ~t Encountered 

Chen & Associates 

N.M. 
N.M. 
N.M. 
N.M. 
N.E. 
N.E. 
N.E. 
N.E. 
2.0 

C-3-3 

8/28/86 . 9/4/86 

24.0 23.9 
8.0 9.0 

29.3 30.2 
16.4 16.5 
N.M. 15.0 
N.M. N.M. 
25.5 27.6 
N.M. N.M. 
N.M. N.M. 

Job ~. 1 570 86 

10/1/86 

25.0 
9.0 

31.0 
16.0 
14.3 
N.M. 
29.6 
N.M. 
N.M. 



TABLE C.3.2 
Table A1 PERM • Page 1 

Summary Of Packer Permeability Tests 
Project: Red Mtn. Dam 
Job No.: 1·570·86 
Date: 9·1·86 
Operator: Mock 

Hole 
No. 

Top Bottom Test 
Test Test length 
Sec. 
(ft) 

32 
32 
32 

40 
40 
40 

50 
50 
50 

60 
60 
60 

70 
70 
70 

80 
80 
80 

90 

90 
90 

100 
100 
100 

110 
110 
110 

121 
121 
121 

130 
130 
130 

Sec. 
(ft) 

40 
40 
40 

50 
50 
50 

60 
60 
60 

70 
70 
70 

80 
80 
80 

90 
90 
90 

100 
100 
100 

110 
110 
110 

120 
120 
120 

130 
130 
130 

140 
140 
140 

(ft) 
8 

8 

8 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

9 

9 
9 

10 
10 
10 

Hole 
Dia. 

( in) 
3 

3 

3 

3 

3 
3 

3 

3 

3 

3 

3 

3 

3 

3 
3 

3 

3 

3 

3 
3 
3 

3 
3 

3 

3 
3 
3 

3 
3 

3 

3 
3 
3 

Total 
Head 

(ft) 

73 

119 
73 

86 
144 
86 

87 
145 
87 

121 
214 
121 

121 
214 
121 

145 
260 
145 

145 
260 
145 

145 
260 
145 

145 
260 
145 

145 
260 
145 

145 
260 
145 

Water 
Take 

Perm. 

Project File: RED2 
Base Program: PERM 
Unsorted 

Avg. Material 
Perm. 

(gpm) (ft/yr) (ft/yr) 
0.2 13 14 
0.4 
0.1 

0.0 
0.2 
0.0 

0.0 
0.3 
0.0 

0.0 
0.2 
0.0 

0.0 
0.3 
0.0 

0.2 
0.5 
0.1 

0.3 
0.2 
0.1 

0.2 
0.5 
0.1 

0.1 
0.0 
0.0 

0.1 
0.1 
0.1 

0.3 
0.6 
0.1 

21 
7 

o 
7 

o 

o 
11 
o 

o 
4 

o 

o 
7 

o 

7 

9 
3 

9 
4 
3 

7 

9 
3 

3 

o 
o 

3 
2 
4 

11 
11 
3 

14 
14 

2 

2 

2 

4 
4 
4 

2 
2 

2 

7 

7 

7 

6 
6 

6 

7 
7 

7 

3 

3 
3 

8 

8 
8 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

C-3-4 

Depth 
Ground 
Water 
(ft) 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
24 
24 



Table A1 PERM . Page 2 

2 

2 

2 

2 
2 

2 

2 
2 

2 

2 

2 

2 

2 
2 
2 

2 

2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

2 

2 
2 
2 

2 
2 

2 

2 
2 

2 

2 
2 

138 
138 
138 

52 
52 
52 

60 
60 
60 

70 
70 
70 

80 
80 
80 

90 
90 

90 

100 
100 
100 

110 
110 
110 

120 
120 
120 

130 
130 
130 

140 
140 
140 

150 
150 
150 

160 
160 
160 

168 
168 

150 
150 
150 

60 

60 
60 

70 
70 
70 

80 
80 
80 

90 
90 
90 

100 
100 
100 

110 
110 
110 

120 
120 
120 

130 
130 
130 

140 
140 
140 

150 
150 
150 

160 
160 
160 

170 
170 

170 

180 
180 

12 
12 
12 

8 
8 
8 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

10 
10 
10 

12 
12 
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3 

3 

3 

3 
3 
3 

3 

3 

3 

3 

3 
3 

3 
3 
3 

3 
3 

3 

3 
3 
3 

3 
3 
3 

3 

3 
3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

3 
3 
3 

3 
3 

147 
262 
147 

66 
124 
66 

100 
193 
100 

112 
216 
112 

112 
216 
112 

124 
239 
124 

124 
239 
124 

124 
239 
124 

124 
239 
124 

124 
239 
124 

124 
239 
124 

124 
239 
124 

124 
158 
124 

124 
216 

0.1 
0.2 
0.1 

0.4 
1.0 
0.3 

0.3 
1.7 
0.0 

0.0 
1.6 
0.1 

0.0 
3.3 
0.0 

0.0 
6.7 
0.0 

0.0 
7.2 
0.1 

0.0 
7.5 
0.0 

0.8 
10.4 
1.8 

0.9 
7.9 
0.4 

0.3 
0.7 
0.3 

2.5 
9.0 
1.9 

5.3 
7.0 
5.3 

3.4 
2.4 
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4 
3 

3 

35 
47 
30 

13 
44 

o 
36 
4 

76 
o 

o 
138 

o 

2 
148 

5 

o 
155 

o 

31 
215 
n 

35 
162 

16 

10 
15 
12 

99 

185 
n 

211 
217 
212 

116 
48 

3 
3 
3 

38 
38 
38 

13 
13 
13 

13 
13 
13 

26 
26 
26 

46 
46 
46 

51 
51 
51 

52 
52 
52 

106 
106 
106 

71 

71 
71 

12 
12 
12 

121 
121 
121 

214 
214 
214 

55 
55 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 

24 
24 
24 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 
8 
8 

8 

8 
8 

8 
8 

8 

8 
8 
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2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 
4 
4 

7 
7 
7 

7 
7 
7 

7 

7 
7 

168 180 

7 15 
7 15 
7 15 

27 33.6 
27 33.6 
27 33.6 

42 50 
42 50 
42 50 

50 60 
50 60 
50 60 

60 70 
60 70 
60 70 

70 80 
70 80 
70 80 

60.2 75.2 
60.2 75.2 
60.2 75.2 

22 30 
22 30 
22 30 

30 40 
30 40 
30 40 

30 50 
30 50 
30 50 

12 

8 
8 
8 

6.6 
6.6 
6.6 

8 
8 
8 

10 
10 
10 

10 
10 
10 

10 
10 
10 

15 
15 
15 

8 

8 
8 

10 
10 
10 

20 
20 
20 

TABLE C.3.2 (continued) 

3 

3 

3 

3 

3 
3 
3 

3 
3 

3 

3 

3 

3 

3 
3 

3 

3 
3 
3 

3 
3 
3 

3 
3 

3 

3 
3 
3 

3 
3 
3 

124 

34 
57 
34 

76 
122 
76 

87 
145 
87 

87 
145 
87 

122 
214 
122 

122 
214 
122 

109 
201 
109 

72 
118 
72 

81 
127 
81 

98 
156 
98 

C-3-6 

0.0 

0.9 
1.1 
0.0 

0.1 
0.4 
0.0 

0.8 
2.0 
1.0 

1.0 
4.6 
1.6 

0.3 
0.5 
0.0 

0.1 
0.0 
0.2 

0.1 
0.6 
0.0 

0.1 
2.8 
1.4 

0.9 
4.9 
1.7 

2.0 
9.1 
3.0 

o 

161 
112 

3 

7 

23 
o 

56 
80 
67 

56 
157 
93 

11 
11 
2 

6 
o 

10 

3 
11 
o 

5 
140 
111 

56 
190 
102 

58 
166 

87 

55 

92 
92 
92 

10 
10 
10 

68 
68 
68 

102 
102 
102 

8 
8 
8 

5 
5 
5 

5 
5 
5 

85 
85 
85 

116 
116 
116 

104 
104 
104 

Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Gneiss 
Gneiss 
Gneiss 

Claystone 
Claystone 
Claystone 

Claystone 
Claystone 
Claystone 

Claystone 
Claystone 
Claystone 

8 

29.3 
29.3 
29.3 

29.3 
29.3 
29.3 

29.3 
29.3 
29.3 

29.3 
29.3 
29.3 

29.3 
29.3 
29.3 

29.3 
29.3 
29.3 

16.4 
16.4 
16.4 

70 
70 
70 

70 
70 
70 

70 
70 
70 



C.3.2 SUBSURFACE EXPLORATION PROGRAM 

The field investigation included nineteen exploratory borings in the dam, reservoir and 

borrow areas. The exploratory drilling was conducted with a Mobile B-SO drill rig and a CM#-45 drill 

rig. Drilling was conducted in general accordance with ASTM 0-1452 and 0-2113 procedures. 

Holes 1 through 4 in the dam foundation were advanced through the overburden soils with a 

7-inch diameter hollow stem auger. The remaining holes were advanced with a 4-inch auger. 

Exploration of the underlying bedrock in Holes 1 through 4 and 7 was accomplished with NX 

diamond bits which obtained a 1 7/S inch diameter core sample. Continuous test hole logs were 

made. 

Samples of the overburden solis were obtained with 2-inch and 1 3/S-inch 1.0. spoon 

samplers. The samplers were driven into the various strata with blows from a 140-pound hammer 

falling 30-inches. This test is similar to the standard penetration test described by the ASTM method 

D-15S6. Samples were obtained at approximate 5-foot intervals. Depths at which the samples were 

taken are shown on the Borings Logs, Figures C.3.3 through C.3.11. Figure C.3.12 presents the 

accompanying notes. 

The bedrock cores obtained from holes 1 through 4 and 7 were logged. Descriptions of the 

cores included lithological descriptions and a systematic field classifications for alteration and 

hardness of the material. The alteration and hardness were determined based on the field 

identification procedures. Discontinuities in the cores were logged for orientation, roughness, 

planarity and filling. The fractures per foot were also recorded. 

The RQD of each core run was calculated. The RQD values were calculated immediately 

upon removal of the core from the core barrel. The RQD values are shown on the right sides of the 

Boring Logs. 

In-place permeability was measured in portions of Holes 1 and 2 in bedrock at 10-foot 

intervals and at selected locations in Holes 3, 4 and 7 by conducting single stage packer 

permeability tests. The packer permeability tests were used to evaluate zones of high permeability. 

Results are shown in Table C.3.2. 

C-3-7 



Plastic pipe observation wells were installed in all holes except Hole t for continued water 

level monitoring. The observation wells were installed with a perforated zone extending the entire 

depth of bedrock in each hole. Measurements of the water level were made by a weighted plumb 

line subsequent to drilling. The water levels and the date of measurement are shown on Table C.3.1. 

C.3.3 LABORATORY TESTING PROGRAM 

A laboratory Investigation was conducted to access the standard properties and engineering 

characteristics of the materials obtained from the test holes. Samples obtained from the exploratory 

holes were examined and classified In the field by the project geologist. The samples were then 

returned to the laboratory for examination and visual classification by the project engineer. Samples 

were selected for testing and the remaining samples were placed in storage. Laboratory testing was 

performed on the selected samples to determine their classification, gradation and strength. 

Results of the testing have been filed with the Authority. The testing was conducted in general 

accordance with recognized test procedures, primarily those of the American Society f~r Testing 

and Materials (ASTM). 

C-3-8 
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140 -

145 -

150 -

155 

160 -

165 

COIlE LOG 

liUl'HIC LOG 

K=52 liS 

120 

125 

130 

P 
1(=71 135 I-

140 

145 

ISO 

K=121 155 

II 

160 If 

165 

170 

-

Sheet-L 

DISCONTINUITY LOG 

ew~~)!"~~ 
-Joints 30°, 45° alonq 
fa I a t ion, s I i gh t I y rough to 
very rough, planar and 
stepped iron fi II ing . 

Highly altered , modprately
fractured zone, joints 300 , 

45°, 70°, healed, mostly 
along folation, slightly 
rough to very rough . iron 
stained and clean. 

1 
Core lost due to loose 
ba rre I tip . 

J High I y a I t e rcd zone, iron 
stained . 

Joi nts !'lOst I y para lie I to 
folation-450 , SOD, 
healed, sl ightly rough, 
planar. with calcium 
carbonate chlorite and iron 
filling . 

o 

t RQD/ 
t Recovery 

50 

I 

20/100 

72/96 

69/95 

012 0 

9~/IOO 

56/1 0 

3'l / IOQ 

5' '°7 

78/9~ 

86/93 1 

59/10 

100 

J 
Highly altered and fractured 
zone, most I y joi nt 5 para II e I ...... ...-_.L--.-..J 

to folation 45°, I 

i 
Jo i n t s nO, 100 , 45°, 
healed, slightly rough, 
planar , iron and clay 
fi II i ng . 

27 / £6 

'l1l00 

99/100 

30/100 

88/10~ 
'flIP' T 

FrdctlJre/ft o 50 IDC 
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COll LCMi Sheet --L.... of _4_ 

Itole 2 Concln'*' 

1il00CMi I C LCMi CMPHIC LCMi DISCONTINUITY LOCi ' RQDI 
, Recovery 

0 SO I,?O 
Biolite gnei,s-continued lett Relyl I 

Depth and (I eva C Ion (':11) I 
170 170 1"'"1;- Fracture t. 

" ".; It :'~ , 
" .' Joints 0".100 • 45°. Occasionally hornblende gneiss -,'. healed I' 

streaks and pegmalite dikes 1~ and parallel to fol iation. 25111)0 
175- ,~ ~ 175 - slightly rough. planar 

K-55 '1 iron fill i ng "'i ....... 
~ . .f. J 28/100 
',' 

Bot tom of Hole 180 . 0' (:iJ. ~ 
180 18 

-

-

-

. -

- ~ 

-

1"111"111 
0 SO 10( 



JoII Mo. 57Q 86 

'roJect Red Mountain Dam 

'round 
Mole ElowelIon 7379 1 

Angle fro. INrlng of 
Mor I zonte I -~Oo Angle Molo 

"OU&lt L05 

° 
Gravel : (GC) Clayey . I ml p l ilst i~ . "mdy. 
fi~to coarse, medium dense to dense, 
dry . brm'm. 

~-------------------------S 
Biotile Gnel~s : Light gray to bro\'mish 
~ra-Y:--bande<i'Structur~, medium grained , 
Im·/ hardness to hard, weathered at the 
l()p . ~Ilcred and '"ractured . with s catter-
,'d ~e(Vk1tile dikes up t o 4 i nche s 10 
th i ck. 

15 

20 

2S 

)0 

50 

~ Standard Penetration lest 

(3 Packe r pen '~clbi lilY test sect ion 

tj K in ft . i yr. 

tOM L05 
Shoot --!....- of 

Loca t Ion _..II.liFU;rJ;r,jJi,ljc,;e..;oli/,nll...l.I' e~futwaLlbu.uLltollJmlSeillQ.l.t ______________ _ 

Iot.1 
Depth _a.83~'.l.3.;..' __ _ 

Oopth of 
Voter 

Depth of 
~r~r~ __ ~S_. O_' __ __ 

... un 
Finished 

8/)3'D6 
8/15/86 

Depth on4 Elevotlon (Foot) 

° I. , •• 1. ,. " 

S 

10 

IS 

20 

ZS 

)0 

)S 

ItS 

50 

Hole advanced fr~" 0 . 0' to 25.0' 
wi th 7" O. D. hollow stem auger . 

Fracture/ft . Hole advanced froo 25.0' to 33.3' 

5 I" .J 

~.! 

~"i th an NX core bi t. 

ltighly fractured. wi th iron 
stains, a I tered several ~jO 

joints, s I ioht I y rouQh. pi ana ' 
occasionally chlorite filling. 

1 Highl y fractured and al tered 
with several 0-10°. 80-90° 

0/100 

no recover y 

joints. iron stained. sl ightlyyJ::;::=:t:=::::; 
rough, planar . 

]

Hi9hlY altered. moderately 
fractured. 10°. 450. 90v 

joints \;Iith iron fill ing, 
occasionally calcium carbonate 
fill i ng. 

S 10 
Fracture/ft . 

LOG OF HOLE 

570 8b 

0/100 

F i q . A- 3 



... lID. I 570 86 COIlE LOG S .... t --l..... of __ 2_ 

Itol. 3 COfttln .... 

IilOLOG Ie LOG GIIA'H I C LOG DISCONTINUITY LOG ' RQO/ , R.covery 

0 50 1,0 
T.st R.,u Its Depth .~ EI.vatlon (Feet) I 50 

~. 
50 

I 0/11 
Biotite gneiss-continued 

~ 
,..' .... ~ 

} Highly fractured, I mod- 0/92 tt erately altered zone, 
most joints along fol-

55 - K-102 ~55 r i at ion. 21/100 
~ 

" Joints ~5°, 60° and ~S 
~~ 00°, s light I y rough, 

1361 I 0 planar iron, and cal-
~;. J 8 cium carbonate fill i ng. -"'i 0/100 

60 "",'" f-60 BD-16~. 3. . .. B i ° tile gneis~ as above- '. 
low UC-~OOO ~[' ) 

Highly fractured and 0/85 hardness at: 

~~ altered zone , iron 

50 - 51.8 ft. ~~ stained. 
54 - 55 ft. ,~~ Joints 0°, 80°-90°, (II . '~ 

60 - 63 ft. 65 - K-8 ~~' ~65 .. paralell to foliation. 
66 - 69 ft. slightly rough to 0/91 

'3t i. rough. planar, clean ,. !~: 
and chlorite fi I lings. ,!, 1; ., 

) ~fJ Highly fractured, 0/1 00 

70 - \ \ f-70 
slightly a ·llered zone , 

(,., l break orientation 10°, 
,ts ) ~5° , and 90°, occasion" 
\'~ a I I y calcium carbonate 0/81 _ ....... 

~ 
filling. .. ' . . " 

75 - K-5 ~ H5 0/1 00 

} Zone of moderately tn 
J,1o highly fractured 

~:' s Ii gh I I y to moderatt'lv 
0/5~ ... ' altered, joints orien· ~I 

80 - ~.~ -80 ~r'- tation 700. 80°, 
slightly rough, planar, 

'h. ) iron slained. ~ Bottom of hole 83.3' ~ Zone of poor recovery. 0123 
5 10 

85 - ~5 Fractureslft • 

90 - f-~ 

95 95 

100 ~IOO 

105 _ r l05 

110 110 1""j11111 
0 50 10<1 

.... aulIII. C.3.lIb 



COAl LOCi 
Jolt Mo. 57086 

Project Red Mountain Dam 

IIole _~ __ _ 
lir~ 
E1ewetlon _..:.7.:;.38;;,.4;.,' __ 

o .. arl", of Alltle fra
IIor I zon tal -20 AlIt Ie 110 Ie ____ _ 

UOl.OIIt LOCi 

Sand: (SC) very silty, slightly-
CJ,;Yey. medium dense, dry, tan 

Sand and r,rave I : (Sn-GM) fine to 
to:l'rse-:-sT~vcry dense, ury, tan 

Bi c lit e Gn e iss: green is h-gray . 
bc1;de-d~lo~~rdness to very hard, 
r'!'loist. micnocline, quartz. biolite. 
plagioclase. weathered 

Legend: 

~ Standard Penetrat ion Test 

~ Packer permeabi I i ty test sect ion B I( in fl. / yr. 

10 

15 

25 

)0 

)S 

so 

LL-26 
PI=12 

12/6.26/6. 
27/6 

80/5 

80/3 

150/3 

Sheet _1 __ of o -
Location __ ~L~e~f~t~A~bu~t~me~n~t ______________________ __ 

Total 
Dqth 75.2' 

Depth of 
Water 

De,th of 
Ower~r-.n 19 . 0' 

II SCOln' 1l1li I TV LOCi 

let"" 8/18/34 

'Inllhe4 8/18/84 

Depth aM Eleva t I Oft 

o 1'I,d",,1 

5 

15 

Hole advanced from 0' to 
40' wi th 7" 0 . 0 . hollow 
stem aU!1er . 

t . 

Zone of Door recovery 
probably highly weathered 
and altered. 

Hole advanced from 49.~' 
to 58 . 5 ' "ith 7" 0.0. 
hollO\,1 steM auger. 

LOG OF HOLE 4 

1 571 86 Fio. A-4 
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Ito I. __ 4.;.... __ COIU I " .. d 

UOlOGIC LOG 

Biul ile gneiss- continued. 

COAf LOG S .... t --l....- of-,--

'IIA'"IC LOG I 01 SCONl 1l1li I TY LOG 

o 50 100 

50 ....... _....:.:!! l.~SIt~":::'II •• :';';I"!t I-S .... ~Pth and Elevatlo" (FMc) 1",,1"1.1 

55 - ·155 

60 - -60 

65 -

K=5 

70 

75 -

80 -

85 

90 -

95 -

100 - 100 

105 - ~105 

110 ...L. ____ 1..L.JI..........L. II 0 

Hole advanced from 58 . 5' to 75 . 2' 
with NX core bit. 

Probably highly altered and 10/14 
\vea the red zone 

Uo recovery 

No recover, 

Bottom of Hole 75 . 2' 

111111""1 
o 50 10( 

PIIIU". c.:a.eb 



... 110. ....:.1 ... S"'7~0 .... 8-.;6_ s .... t -l.....- 0' 

'roJect Red Mountain Dam Locetl. Along U. S . Highway ItO 

Gr~ , 
(Ievul. _.J.7.:1tl/:001l.... __ IIole _""",,"S __ _ 

Total 
..,th _....:;.2;::,0;,:.0:,.' __ 

..,th 0' 
OverilurtMn _..;1.,;;5,;.. 0;.' __ 

Nolle 'rOIl luring 0' Depth 0' 
IIor I z.ltel _';;'-0Il90Il..° __ _ Arott Ie 110 Ie __ -_-_-__ Water Not encoun tered 

hewn 8/27/86 
'1,,1, ...... 8/27/86 

UOLOGlt LOG GWltlt LOG I, :':~rY 
U :iU llX 

o -r-..:.::.:Te'It:...;Ie=''';.;,11 to:.-._ 1",tI",,1 
Sand : (SI1) si Ity, sl ightly gravelly. 
dense 10 very dense. dry. brown . 

5 -

10 -

Gravel : (GC) clayey, s lightly ,illy, 
very den~e, I i~lhl moi st, br ov.Jn. 

~--------------------------15 
C layHone : brown, 10vi hardness to 
l:lode r ately hurd, moist. 

~---------------------------- 20 

25 -

)0 -

)5 -

"5 -

21t/12 

35/12 

80/3 

50/6 

5 

... 10 

... 15 

~" 

Hole was advanced from 0' to 
20.0' by It" auger. 

~I 
I ~ Bottom of ho le 20.0' I~! ~ ____________________________ ~ 

... 25 

- )0 

... )S 

so ...... _-_...L.L.L-.... SO 

~ Standard Penel rat ion Tesl 

lOG OF HOLE 5 

I 570 86 Fig . A-S 



I 570 86 

Project Red Hountain Dam 

IIole __ 0II6 __ &,--, 7396' [Ievat Ion ....;..;;.;;... __ _ 

o IN,I", of 
- 90 Antle Kole ____ _ 

UOLO&ItLO& 

Fill : Silty , clayey, sand and 
gravel. 

Sand : (SH) Silty, loose, moist, 
brown, with scattered gravel. 

Sand and gravel : (SP-GP) 
S Ii ghl I y s i I t y, medium dense 
10 dense, rno i st. brown 

IMPtIIt LO& 

Tnt a .. tI 

II / 12 

10 - 7/12 

15 - 23/12 

20 - 40/6,34/6, 

~c'~2.4 
-200-5 

s .... t --!...:..- of I -
LocatlOft Left abutment along country road 

Totel 
Depth _311.:°;;,:.;.,;0;..' __ 

~th of 
ov.~, ... __ 2 .. 4"';,;0 ... ' __ 

Depth of 
Wete, not encountered 

... "" 8/27/86 

'1IIh,*, 8/27/86 

5 

.. 15 

20 

01 SCOIIT IIIU I TV LO& I. ' '4JJ1 
o 50 lOCI 

1,."1.,,.1 

Hole advanced from 0't~30.0' 
with 4" auger. 

, 2S - 100/0 25 
B i 0 [ i le Gneiss : Gray, banded 
hard [0 very hard, moist micro- 100/2 
eli ne, biotite, quartz, plagio-

~ clay. 

~ 100/0 )0 )0 

)5 - .. )S 

40 -

ItS - ItS 

50 50 

" Standa rd Penet rat ion Test 

Bottor.! of hole 30 . 0' 

I 

I 
! 
I 
I t ....................... ;Jr"I'"""",; ~ I 

Cbea " Aaodates 
LOr. OF HOLE 6 

I 570 86 Fig. A-6 



C_ LOG ....... 179 84 

Red Moun ta i n Dal: 

'r~ .. I. __ ~:..... __ [levulClft ....J.7.;;4~80::.... __ _ 

Anti. frc. INri", of 
Horl_tal _____ -9;,;0 __ _ Ant I. Hoi. _______ _ 

IiIOLOGIC LOG 

Sdlld : (SM) , i It y. med i Uni dense. 
ITrj'ht moi ~t. bru~·m. 

Grdvel : (GM) si It)' . sandy. medium 
den-;e-to dense I rlO i 5 t. bro\'4n 

Claystone : brown, 10\'1 to medium 
plasticily . 101'/ hardness to hard. 
blocky moi~tl occasionally Vii th 
grdy clay str~ak,. weakened from 
II to 15 fl'Cl. 

5 

10 

15 

20 

25 

)0 

3S 

~B_O_I~I_om __ o_f __ H_o_l~e_5~0~.~O~' ________________ 50 

m Standard Penetration Test 

~ Packer permeability test section 
~ r. in ft./yr. 

50/9 

K-S5 

S .... t __ I _ of -1-

~tlon Right Abutment 

Total Depth of 
Depth 50 . 0 ' h.~r~ __ ~I~I_. ~O_' __ _ 

Depth of 
w.t.r Not encountered 

let"" 8/ 20 / 86 

fl"I ..... 81'0/86 

DISCOITIMUITY LOG 

Depth aM 1I.".tl4111 
o 

5 

Hole advanced from O' to 2.0' 
wi th 7" 0 . D. hollow stem auger. 

F rae t u rei ft. 
10 

Hole advanced from 
20 . 0' to 50 . 0' wi th 

~ Zone of core loss 

-joint 600
• 

slightly rough planar. 
iron stained 

)core lost, ci rculation 
lost-Drohably highly 
fractured zone 

-JoInt 25°, healed. 
slightly rough. planar 
clear 

Fracture/ft. 

LOG OF POLE 

570 86 

I, " ,I •••• , 

85/92 

,./100 

Fig . A-7 



COM Lac 
.... Mo. 1 570 86 

Project Red Mountain Dam Locat 10ft _S:;.:o~u~t:.:.h .. S;.,:i,::,d:;,e ,,;o:.;,f....::,U,;,;. S;.,: • ...:.:,H:.oi 9&.:.h:::w.:.ayl...,;~:'::0 ____ _ 

".-1 
8 tI_tlOft _71.l~1oIo3w.Q_' __ Mo •• 

Total Depth of 
Depth I 5 Q' Ove..-ur.... 7, P , 

IM,I", of Depth of 
Ant I. Hoi. ~-.;.;--~ __ w.ter Mgt CO'QHg'ccSd 

KIILaclC Lac UN'tIIC Lac D I SCGIIT 1111 I TY Lac I • RQDI 
• Recovary 

~------------------------------o -r~T .. ~t~"=.~u~l~t;.~~ 
Depth M4 tlevatlOft (f.1) 
o 

o ~ lUll 

I. Ie ,I. II " 

~: (CL) .andy. stiff, moist·, 
brown . 

5 - 10/12 

Si Itstone : Yellowish brown, nooderately 
hard to hard, nooist. 

10 -
50/6 

~--------------------------15 
50/6 

20 -

25 -

)0 -

)5 -

I!O-

so 

IJ Standard Penet rat ion Test 

1" 
/1 
,;/ 
/"1- 5 

T 
/ 
/_ 10 

Hole was advanced from 0' to 15 . 0' 
by 4" auger . 

I 
I-
~ Bottom of hole 15 . 0' 

J �5--------------------------------~ 

20 

25 

-)0 

- 35 

Chell " AIIodatei 
LOG OF HOLE 8 

I 570 86 



....... 15708§ 

'.-oJ"t _ .... ".''-'".',"""'.'.:.' ",-,O"~"-_______ _ 
" ..... .. ,._-.... '-

I~!' "011 

U .... ul_ 7328' 

_~·""9·:...._ 

Sill, (i'lL) ,lightly ~ .. ndy, very 
;:;;rt, moist to wei, black . 

S~nd: (5M) very silty, sl ightly 
'1r~v~lly, ",cd )"", <.Ien~e. "e(, 
black. 

5i It: ( i'lL) s<lndy, .Iightly 
<Jr,wclly. medium Hiff, wU, 

bl .. ~k. 

",*'.'"'' ""',', very 

0 

" 

" 

" 

.. 
)0 

". 

.. 

.. 

I ..... " 
, , . 

5/12 

9/6 9/6 
1\/6 

216 216 
10/6 

60/6 

LO' 

V 
V 
V 

',' 

, 

, , 
V 
V 
V 

r 

: 

, ... , __ '_._.f 

loQ;t lOtI __ !'", ,."".'-'".'"',' ...... "";'",.rc.!c~,~' '.'"'''''''''-!'"'"'!'!.'_ 
Tot._ Dotpth of 
Dotpt" _-"26"-'90'__ OY.r .... r ..... __ '~'" .• OC' __ 

Depth of 
.... tu ? g' 

0.,111 ..... 
0 

, 

" 

" 

OISCOltTUlilln lOC 

, , ('M" 

...... 
flft"'" 

l:~ 
• 

9/2186 
212186 

1",d",,1 

Hole advanced from 0.0' 
1026.0' will>~" auger 

r" 

V ll .. ""~ , r " ', 16.0' 

)0 

" 

.. 

.. -'------'u.L.~ .. 
! ';J ,j 

II Standard Penetration Test 

c ..... " ,,_ .... 
LOG Of HOLE 9 

1 570 86 



NOTES: 

1. Exploratory borings were drilled between March 24, 1986 and September 2, 1986 with 
a 4-inch diameter continuous flight power auger, a 7-inch diameter continuous 
flight hollow stem auger and a NX core bit. 

2. Locations of borings were measured approximately by pacing from features shown on 
the site plan provided. 

3. Elevations of borings were obtained by interpolation between contours on the 
U.S.G.S. 7!' Junction Buttle quadrangle. Elevations of Holes 1 through 4, 6 and 9 
were based on contours provided by Boyle Engineering Corporation. 

4. The boring locations and elevations should be considered accurate only to the degree 
impl ied by the method used. 

5. The I ines between materials shown on the boring logs represent the approximate 
boundaries between material types and the transitions may be gradual. 

6. Water level readings shown on Table A-l were made at the time and under conditions 
indicated. Fluctuations in the water level may occur with time. 

7. LABORATORY TEST RESULTS 

WC-Water Content (%); 
DD=Dry Density (pcf); 
BD=Bulk Density (pcf); 
-200=Percentage Passing No. 200 Sieve; 
UC=Unconfined Compressive Strength (psi); 
LL=Liquid Limit (%); 
PI=Plasticity Index (%). 

8. 7/12 Drive sample blow count. Indicates that 7 blows of a 140-pound hammer fall ing 
30 inches were required to drive the California of SPT sampler 12 inches. 

II.GUIll. C.3.1 II 
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C.4.0 GREEN MOUNTAIN RESERVOIR TO DILLON RESERVOIR CONVEYANCE SYSTEM 

The proposed construction would consist of an underground pipeline extending from Green 

Mountain Reservoir south to Dillon Reservoir. The pipeline would be approximately 26 miles in 

length. The inlet structure would be located adjacent to the outlet works at the toe of the dam at the 

north end of the Green Mountain Reservoir. The pipeline would then extend along County Road 30 

to its intersection with State Highway 9. The pipeline would then parallel Highway 9 on the west side 

of the road to the town of Silverthorne. The pipeline be on the west side of Blue River in the area of 

Slate Creek where the road is approximately 1/2 to 3/4 mile east of the river. In the town of 

Silverthorne, The pipeline would extend under Blue River and up the right abutment to Dillon Dam 

with an outlet structure into Dillon Reservoir near the right abutment. The information in this section 

is from "Feasibility Level Geotechnical Investigation Green Mountain/Dillon Conveyance Facility 

Summit County, Colorado", Chen & Associates, June, 1986. 

C.4.1 SUBSURFACE CONDITIONS 

The general subsurface conditions along the proposed pipeline alignment were investigated 

by drilling ten exploratory borings at the locations shown on Figure C.4.1. Logs of the exploratory 

borings are shown on Figure C.4.2a. The legend and notes are shown on C.4.2b. The borings were 

drilled to determine the subsurface profile and approximate ground water levels. The conditions 

encountered in the borings generally consisted of granular soils to the maximum depth investigated. 

A layer of man-placed fill, 2.5 to 5 feet in thickness was encountered overlying the natural soils in 

Holes 1, 7 and 10. The man-placed fill consisted of sandy to very sandy gravel with scattered areas 

of sandy clay. 

The natural granular soils consisted of clayey sand to silty to sandy gravel with cobble and 

boulders. Difficult drilling conditions were encountered in Holes 2, 3, 4, 5, 8, 9, and 10 with practical 

drill rig refusal encountered at depths ranging from 2.5 to 26.5 feet. The remaining borings were 

advanced to a depth of 30 feet without refusal. The results of standard penetration test in the 

borings indicate the N value of the soils in the upper 10 feet ranges from 7/12 to 50/0. The clayey to 

silty sands appear to be loose to medium-dense based on the results of standard penetration tests. 

The gravel materials are medium-dense to dense in consistency. 

C-4-1 



Water Levels 

Free water was encountered in Hole 1 through 4, 7 and 8 at the time of drilling, at depths 

ranging from 3 to 27 feet below the ground surface. Slotted plastic pipe observation wells were 

installed in the borings for continued water level monitoring. When checked five days after drilling, 

free water was encountered at depths ranging from 8 to 23 feet below the ground surface. Water 

levels were also checked on May 22, 1986. On this date Holes 1, 3, 4, 6, 7 and 8 were checked for 

free water. Water was encountered in Holes 3,4 7 and 8 at depths ranging from 4.5 to 11 feet below 

the ground surface. 

C-4-2 
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