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Memorandum 

To: Manager, Service Engineering Center, SEC, U.S. Fish and Wildlife 
Service, PO Box 25207, Denver CO 80225-0207 

f-\CI jt~ .{ 

From: Chief, Research and Laboratory Services Division 

Subject: Review of U.S. Fish and Wildlife National Fisheries Research Center, 
Marrowstone Field Station (Your Letter Dated May 20, 1992) (General 
Correspondence Research} 

Mr. Warren Frizell of our staff has completed a review of the design of the 
intake structure for the Marrowstone Field Station. It is our conclusion that 
the intake structure (piping and associated sled} was inadequately weighted to 
provide stability in the tidal conditions verified at the site. The sleds 
alone are heavy enough to withstand the currents caused by the outgoing tides; 
however, the piping will not remain stationary in currents of this magnitude. 
These statements are made based on estimated weights of the intake sled and 
the associated piping. In addition, the pipe bundle was simulated as a single 
cylindrical pipe of larger diameter (1.385 ft). We used current velocities of 
5.6 ft/sin the calculations and assumed them to be perpendicular to the 
pipeline. Mr. Frizell's calculations are enclosed along with a list of 
reference material used in the analys i s. 

It is not possible to predict the expected displacements of the sleds from the 
data available . Additional design cons iderations, such as lift on the 
pipeline bundles and effects of surface waves were neglected. Assuming that 
the bundle behaves as a single cylinder lying on the ocean floor, a lift 
coefficient of 0.78 has been measured. This produces a corresponding force of 
34 lb/ft for the present design. However, the triangular bundle probably has 
significantly different lift properties than a single cylinder. In addition, 
lift is a function of angle of attack, shape and local geometry. Previous 
work on submerged pipelines has shown that as a cylinder is raised above a 
solid boundary, the lift coefficient actually becomes negative resulting in a 
net downward force. There is a method to evaluate the effects of surface 
waves at a depth assuming you have good estimates of wave height and period. 
The wave-induced horizontal velocities at depth are used to calculate drag and 
inertial forces. The drag forces are typically negligible due to the small 
velocities; however, the inertial forces can be substantial at depths similar 
to this case. 

We also looked at the stability of the intake by treating it as a rigid body 
and doing a summation of moments about the point where the pipe bundle becomes 
exposed on the ocean floor. We do not have a good estimate for the 
coefficient of kinetic friction,µ. If we solve the equation forµ, it would 
have to be greater than 1.0 to provide stability. Since this is a physical 
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impossibility, the intake p1p1ng and sled will move as it is currently 
designed. Once again we made some assumptions regarding the forces which were 
applied to the structure. The lift and inertia effects were ignored, only the 
drag forces which are caused by the outgoing tidal currents were considered. 

We recommend that the intake/outlet pipelines and sleds be designed for tidal 
velocities of a magnitude high -enough to include an appropriate factor of 
safety. This factor of safety should also cover some of the uncertainties 
about lift forces and storm waves. The increase in weight could be realized by 
adding weight to the sleds or by distributing it over the pipeline length. 
This second option would require a larger diameter ballast pipe (or additional 
pipes) than is presently in place. 

Our analysis was for the intake piping and sled. Assuming the same current 
direction, the outlet piping and sled may be more parallel to the current. 
The drag force would be considerably lower, due to a much lower drag 
coefficient. Frictional drag would be the predominate force rather than form 
(pressure) drag. 

The question of appropriate grouting practices had previously been discussed 
with Mr. Pete Aberle of our construction staff. He verified the telephone 
record prepared by Mr. Bob Hart of your staff and concurred with the 
information contained within. If you have questions or need more information, 
please call Warren Frizell at 236-6156. 

JAMES R. GRAHAM 

Enclosures 

be: 0-3700 
0-3750 
0-3751 
0-3752 
0-3752 (Frizell) 

(w/encl to each) 
0-3500 (Aberle) 

(w/o encl) 

WBR:KWFrizell:flh:6/3/92:236-6156 
(c:\wp\d3752\fws.doc) 
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