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MODEL STUDY OF PENSTOCKS FOR BLUESTONE DAM 

NEW RIVER, WEST VIRGINIA 

Introduction 

This memorandum 

1. This memorandum constitutes a final report on the results of 

tests conducted at the U. S. Waterways Experiment Station on a 1-to-36-

scale model of one of the Bluestone Dam power penstocks. All details 

of the model elements were fabricated in accordance with drawings 

furnished by the Huntington District·Office. Tests were confined to 

the penstocks as initially designed, and no studies of the effect of 

refinements in the elements of the intake, penstock, or scroll case 

were made. ~here also are presented in this report the results of 

similar tests conducted on a 1-to-36-scale model of the Norris penstock, 

these data being used to evaluate the results of the Bluestone tests. 

Authority 

2. The model tests of the power penstocks for the Bluestone and 

Norris dams were authorized in a teletype dated 24 February 1942 from 

the Office, Chief of Engineers to the Division Engineer, Ohio River 

Division. The tests were conducted at the U. s. Waterways Experiment 

Station during the period 1 April 1942 - 1 September 1942. A letter 

report on the results of all model tests was furnished the Huntington 

Distriot Office an 5 August 1942· 3i856 
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The problem 

3. The design of the Bluestone Dam power penstocks was made by the 

Huntington District Office and approved by the Office, Chief of Engineers. 

The over-all length of each penstock from the intake to the scroll case 

was approximately 100 ft. Included in this length was a transition from 

a 16-ft by 19-ft rectangular section at the intake to a 19-ft circular 

section, a 47.5-ft circular section 19ft in diameter, and a 30-degree, 

63-ft-radius reducing elbow about 34 ft long. The reducing elbow de

creased the diameter of the penstock from 19 ft to 18 ft at the entrance 

to the scroll case. The design and manufacture of the turbine units 

~re to be accomplished on a contract basis with the s. Morgan Smith 

Company of York, Pennsylvania. The.specifications for the power

generating equipment called for a guarantee of 90 per cent turbine 

efficiency. The S. Morgan Smith Company, however, contended that the 

design of the intake, as prepared by the Huntington District Office, 

was such that turbulent entrance conditions would result, and that the 

length of the penstock was so short that the turbulent conditions set 

up at the intake would extend through the penstock and interfere with 

turbine efficiency. The Office, Chief of Engineers, however, was of 

the opinion that the Bluestone penstock design should present hydraulic 

conditions as good as the Norris Dam design on which field tests had 

indicated turbine efficiency to be 93 per cent. The problem thus 

became whether or not the intakes to the Bluestone Dam power penstocks 

had been properly designed, and whether any turbulent conditions 

created by the intake would extend into the scroll case, thereby affect

ing turbine efficiency. 
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Purpose of the model study 

4. The general purpose of the model study was to examine the 

hydraulic performance of the penstock intakes and penstocks as related 

to turbine efficiency. 

Liaison and personnel 

5. Close liaison was maintained with the Huntington District 

Office during the course of the model studies by means of semimonthly 

progress reports and periodic inspection trips to the Experiment Station 

by Colonel F. H. Falkner, and Messrs R. J. Pafford and E. L. Belladonna 

of the Huntington District Office. Also, during the conduct of the 

study, visits were made to the Experiment Station by Mr. J. c. Harrold 

of the Office, Chief of Engineers, Mr. J. A. Davenport of the Ohio 

River Division, and Mr. J. D. Scoville of the S. MOrgan Smith Company. 

6. The model study was accomplished in the Hydrodynamics Branch 

of the Hydraulics Division at the U. S. waterways Experiment Station. 

Personnel.of the Experiment Station actively connected with the model 

studies were Colonel K. E. Fields, Director of the Experiment Station, 

and Messrs. J. M. Caldwell, F. R. Brown, J. W. Bolin, Jr., E. H. Woodman, 

and T. J. Spinks. Present Director of the Experiment Station is Colonel 

c. T. Newton. 

The Prototype 

The dam 

7• The Bluestone Dam is proposed for construction on the New 

River, approximately 2.5 miles above the City of Hinton, West Virginia. 
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The proposed structure will be a concrete gravity dam approximately 

2060 ft long with the spillway crest at elevation 1490 ft msl. The 

spillway, located near the west abutment, is designed to pass 430,000 

cfs under a head of 30 ft with all crest gates open. Flow over the 

spillway will be controlled by 21 vertical-lift crest gates 31 ft high 

by 30 ft wide. Sixteen sluices, 5 ft 8 in. by 10 ft, controlled by 

hydraulically operated slide gates, are contained in the spillway 

section. 

The power plant 

8. General. The power plant is located on the right bank of 

the river adjacent to the spillway on the downstream side of the dam. 

Plans provide for an ultimate installation of six main generating 

units each having a capacity of 30,000 kilowatts. No immediate in

stallation of generating units is planned, however, until more need 

for power in that locality is indicated. Water for the operation of 

each turbine will be supplied by a steel penstock 19 ft in diameter. 

From the turbines the wat-trr- is- pas-s-ed- through e-lbow-type drart tubes 

and a tailrace excavated to the natural river channel below the spill-

way. 

9. Power intakes and penstocks. Six penstocks 19 ft in diameter 

are provided. The intakes proposed for all six units are equipped with 

flat-type trash racks each having a gross area of approximately 2660 

sq ft. A transition provided between the trash racks an~ the penstocks 

is designed so as to obtain gradually converging and accelerating flow. 

At the time the model study was conducted the design of the service and 
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emergency gates to be included in the intakes was not completed and the 

drawings furnished by the Huntington District presented only the recesses 

that were to guide the proposed gates. These recesses were reproduced 

in the model as shown on the drawings. The transition from the rectangu

lar gate section to the circular penstock section is to be made by 

introducing circular fillets beginning on the corners and increasing in 

such manner as to develop a gradually converging section which merges 

into the circular penstock. 

10. The penstocks conducting the water from the reservoir to the 

turbines are constructed of welded steel plate and have been designed 

to withstand, without aid from the concrete, the total bursting pressure 

which would result from the maximum head of 145 ft plus the excess 

pressure due to closure of the turbine gates in time not less than four 

seconds. At the downstream end of the penstocks is a 30-degree, 63-ft

radius reducing elbow which decreases the penstock diameter from 19 ft 

to 18 ft. The scroll cases are attached directly to the end of the 

reducing elbow~ 

11. Turbine units. The units planned for future installation 

are of the vertical-shaft, single-runner, Francis type, with plate-

steel spiral casings. Each unit is to have a rated capacity of 42,000 

horsepower when operating at best efficiency under a net effective 

head of 120 ft. Under these conditions the design discharge capacity 

is 3425 cfs. Each ~nit will have a capacity of approximately 17,000 

horsepower at a minimum head of 75 ft. The generator limit of each 

unit is 48,000 horsepowe~ when operating at full gate opening. Under 

these conditions the maximum discharge capacity is approximately 4550 ofs. 
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The Model 

Description 

12. The model, including one of the Bluestone and one of the 

Norris penstocks, was constructed to an undistorted-linear-scale ratio 

of 1 to 36 and connected to a headbay reservoir and water-supply 

system. The headbay reservoir was represented by an open wooden box 

of sufficient size and properly baffled to permit quiet approach 

conditions to the model intakes. Only the intake end of each of the 

penstocks was contained within the wooden reservoir area. The trash 

racks, intake structures, and penstocks were simulated accurately on 

the model. The scroll cases were simulated schematically and in only 

enough detail to insure correct exit conditions from the penstocks. 

Both the Bluestone and Norris penstocks were constructed of transparent 

pyralin from the intake through the scroll case. Constructing the 

model of transparent plastic material made possible direct observation 

of flow .conditions through the penstocks and scroll cases. The intake 

partition piers were constructed of wood and tiie invert of the intake 

leading to the penstocks was of concrete. The trash racks were fabri-

cated of sheet metal. Photographs 1 and 2 and plates 1 and 2 show the 

elements of the Bluestone and Norris penstocks as reproduced in the 

model. 

Method of operation 

13. Various measuring and control devices were used on the model 

to obtain the necessary data. Discharges through the penstocks were 

measured by means of a venturi meter located downstream from the model 
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scroll case. Velocities were measured with a pitot tube. Average 

pressures were measured by glass water manometers, and the measurement 

of pressure fluctuations in the penstocks was attempted electrically 

with the dynamic pressure meter developed at the Experiment Station. 

The water-surface or pool elevation in the reservoir was maintained 

at the desired head by means of an adjustable overflow weir located 

within the headbay. The flow through the penstock and turbine runner 

was controlled by a valve located immediately below the scroll case. 

Test Results 

Prefatory remarks 

14. The complete investigation of the Bluestone and Norris pen-

stocks was accomplished within a few weeks time and involved (a) obser

vation of flow conditions at the intake and through the penstock, 

(b) measurement of velocity distribution throughout the penstock and at 

the entrance to the scroll case, and (c) measurement of average 

pressures and pressure fluctuations at the intake and at varions ~anges 

throughout the penstock. All data secured on the Bluestone penstock 

have been compared with the results of similar tests on the Norris 

penstock to provide some basis for evaluation of the Bluestone results. 

In describing the test results, all discharges and dimensions are 

presented in terms of their prototype equivalents. 

Flow conditions 

15. Flow conditions through the Bluestone penstock were observed 

for discharges of 3425 (design flow) and 4550 cfs (maximum flow) with 
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pool elevations of 1490 and 1480, respectively. Dye injected through 

small hypodermic needles at the penstock intake and various points 

along the penstock revealed no areas of turbulence. For comparative 

purposes design and maximum flow conditions also were reproduced 

through the Norris penstock. The paths of the dye traces were similar 

in the Bluestone and Norris penstocks, which would seem to indicate 

similar flow conditions. 

Velocities 

16. Reference is made to plates 1 and 2 which show the location 

along the Bluestone and Norris penstocks at which the velocity measure

ments were secured, and plates 3 and 4 which show the velocity distri

bution for the design and maximum discharge conditions. These data 

indicate that velocity distribution appeared to be about the same in 

both the Bluestone and Norris penstocks. At the intakes the highest 

concentrations of velocities were located near the center and bottom 

of the penstocks; at the entrance to the vertical elbow velocities 

appeared to be concentrated near the center;_ at_ the~ entrance to the 

scroll case the velocities in the case of both penstocks were practi

cally identical, being concentrated on the right inside wall and near 

the bottom. 

Pressures 

17. Average pressures. Reference is made to tables 1 and 2, 

listing the average pressures measured at the intake and at various 

ranges through the penstocks of Bluestone and Norris dams for the 

design and maximum discharge conditions. Reference is also made to 
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plates 1 and 2, showing the locatibn of the piezometers in Bluestone 

and Norris penstocks. It will be noted from the above tables that 

the loss through the Bluestone and Norris penstocks was similar for 

both conditions of discharge. The maximum pressure drop recorded 

through the Bluestone penstock was 5.9 ft of water from the pool to 

the scroll case at the maximum discharge of 4550 cfs. For comparison 

pressure measurements through the Norris penstock revealed a pressure 

drop of 6.6 ft of water from the pool to the scroll case at the maxi

mum discharge of 4630 cfs. 

18. Pressure fluctuations. Tests of the Bluestone and Norris 

penstocks for the determination of the magnitude of instantaneous 

pressure fluctuations as an indication of turbulence in the penstocks 

revealed that the fluctuations were so small that the ordinary method 

of pressure measurement was not sensitive enough. The sensitivity of 

the electric pressure cell and amplifier was increased, and an attempt 

to record the small fluctuations undertaken. Shortly after undertaking 

the measurement of the fluctuations difficulty was encountered with the 

measuring equipment. The measurements obtained were of such an uncertain 

quality that results were not interpretable. In an attempt to determine 

the reasons for the variances in the pressure results, a series of 

research tests was undertaken. These tests concerned the checking of 

all measuring equipment, methods of operation, length and type of 

pressure record, vibration of model structures, and material of which 

the model was constructed. After several weeks of intensive research 

it appeared that the differences in pressure fluctuations measured for 

identical conditions of flow were a result of some unknown hydraulic 
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phenomena rather than errors induced by methods of operation or measur

ing equipment. The measurement of pressure fluctuations therefore had 

to be abandoned for the lack of suitable equipment to measure the small 

fluctuations present. 

Discussion 

19. The model study only partially served its purpose in that 

only flow conditions, velocity distribution, and average pressures 

through the penstock were obtained. The measurement of pressure 

fluctuations were revealed to be unreliable, and therefore the presen

tation of these results was not considered justified. However, on the 

basis of average pressures, the velocity distribution data, and the 

observation of flow conditions, it is the belief of the Experiment 

Station that the hydraulic performance of the Bluestone penstock 

should be as good as that of the Norris penstock. This belief is 

further strengthened by the fact that, although the magnitude of the 

pressure .fluctuations could not be checked to the satisfaction of the 

Experiment Stati<Jrr, the magnitude- of fluctuations- in- both- penstocks

was so low as to be almost insignificant. 
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TABLE 1 

MOdel Study of Penstocks, Bluestone Dam 

AVERAGE PRESSURES IN PENSTOCKS 

Design Discharge Conditions 

BLUESTONE PENSTOCK NORRIS PENSTOCK 

Dis\::harge = 3425 cfs Discharge = 3260 cfs 
Pool Elevation = 1490 Pool Elevation = 1006 

Piezometer Piezometer Net Head = 120ft Piezometer Piezometer Net Head = 180 ft 
Number Zero Piezpmeter Number Zero Piezometer 

Reading Pressure Reading Pressure 

1 1412.7 1487.8 75.1 1 879.0 1004.9 125.9 
2 1404.4 1487.6 83.2 2 866.2 1004.9 138.7 
3 1385.6 1487.5 101.9 3 853-5 1004.4 150.9 
4 1377-5 1487.6 llO.l 4 866.2 1004.7 138.5 
5 1375.0 1486.7 lll. 7 5 859.0 1004.0 145.0 
6 1366.0 1487.0 121.0 6 849.1 1003.9 154.8 
7 1366.0 1486.5 120.5 7 839.8 1003.7 163.9 
8 1366.3 1486.4 120.1 8 829.9 1003.8 173.9 

9 832.0 1003.6 171.6 
10 822.0 1003.8 181.8 
ll 823.0 1002.7 179.7 
12 823.3 1002.6 179.3 

NOTE: Pressures are recorded in feet of water in prototype to the nearest 0.5 ft. 
Location of piezometers in Bluestone and Norris penstocks is shown on plates 1 and 2, respectively. 



TABLE 2 

Model Study of Penstocks, Bluestone Drun 

AVERAGE PRESSURES IN PENSTOCKS 

Maximum Discharge Conditions 

BLUESTONE PENSTOCK NORRIS PENSTOCK 

Discharge = 4550 cfs Discharge = 4630 cfs 
Poo.l Elevation = 1480 Pool Elevation = 1008 

Piezometer Piezometer Net Head = 110 ft Piezometer Piezometer Net Head = 182 ft 
Number Zero Piezometer Number Zero Piezometer 

Reading Pressure Reading Pressure 

1 1412.7 ~.76.4 63.7 1 879.0 1006.2 127.2 
2 1404.4 ~-76.0 71.6 2 866.2 1005.9 139.7 
3 1385.6 ~.75- 7 90.1 3 853-5 1005.1 151.6 
4 1377.5 ll.J-76.0 98.5 4 866.2 1005.8 139.6 
5 1375.0 1474.6 99·~6 5 859.0 1004.1 145.1 
6 1366.0 1474.9 108.9 6 849.1 1004.0 154-9 
7 1366.0 lLJ-74.4 108.4 7 839.8 1003.5 163.7 
8 1366.3 lLJ-74.1 107.8 8 829.9 1003.9 174.0 

9 832.0 1003.5 171.5 
10 822.0 1004.0 182.0 
11 823.0 1001.5 178.5 
12 823.3 1001.4 178.1 

NOTE: Pressures are recorded in feet of water in prototype to the nearest 0.5 ft. 
Location of piezometers in Bluestone and Norris penstocks is shown on plates 1 and 2, respectively. 
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PHOTOGRAPH 1. View of the model penstocks - Bluestone and Norris dams. 
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NORRIS 

PHOTOGRArH 2. View of intakes to Bluestone and Norris model penstocks. 
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