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Mr. E . Q. Milz) dlanager 
Research and Development L aboratory 
Shell Pipe Line Cor ora tion 
Shell Building 
P. O. Box No. 26-18 
Houston, T exas 7700 1 

October 2. 1967 

Subject: Effe ct of Scour on ubmarine Pipeline . 

Dear Sir: 

I run pleased to transmit vo co ies of our r esults for the studies of 
the effect of scour on submu rinc: pipeline . Color slide s (Figures l a , 
3, 4, and 5 of Appendix B) will be fonvar cd to you ,hen available .. 
next 11eek. 

My •er ort on ' 'The e feet : scour n t l1e extern loa ding o su rna lne 
pipe ine" was mailed to Mr. D. E . B roussar , Su c1·v-isor. Marin~ 
r-rechnology ... P i elines. S. ell P i e Line Co1 orntion, on J u y 14, 1967. 

I have enjoyed the pportunity to 
Compnny, n t his asoicmmcnt and 
s ervice to you. 

or with Dr. J. L. Chao, of you:e 
ould be p eased to be of further 

Enclos ures : 

Very tr y yours , 

Hsieh ··"./ . Shen 
Associate Pro essor of 

Civil Engineering 

1. Purchase O r er 09282, Proje ct 73611 
2. Reprints "The effect of Scour on Submarine Pipeline" 
3. Co y of a l ette r to ~.Tr . D. E . B roussard, July 14, 1967 
4. Sediment size distribution use d in Flume A. 

P. S. Movie Fi m b e ing sent unde r " eparatc cover. 
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I. INTRODUCTION 

The effect of scour on submarine pip eline is not well 

understood . The pertinent literature on this subject was presente d 

in a report titled "The effect of scour on the external loading of sub ­

marine pipel ine" for the Shell Pip e Line Co rporation by H . W . Shen, 

in July 1967 . After discussion with Dr . J. L . Chao of the Shell Pipe 

Line Co rporation, a laboratory tes ting program with the ob j ectives 

a s given in Section II of this report was initiated and completed in t he 

research l aboratory of Colorado S:.:ate University. The purpos e of 

this report is to summarize these findings . 



II . O BJECTIVES 

A. Visual observation of scour process i n the ne·ghborhood of a 

s ubmarine pipeline - with particular attention focusing in the 

following two points: 

1 . T he effect of dunes on scour depth. 

2. Physic al d imension of the scou r hole . 

B . Measurements of the s ediment-water mixtur e c onc e ntration i n 

the v icinity of the sand bed. 
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III. APPARA US 

A. Flume A: As shown in Figure 1 of Appendix A, a steel -

aluminum, recirculating flume 6 ft wide and 60 ft long was 

used The depth of the flume in the approach section was 4. 0 ft 

and the recess section was 5. 5 ft deep. 

B . . Flume B: This recirculating flume is 2 ft wide by 60 ft long 

and 2 ft deep. 

C. Test pipes: Steel Pip e 1 - 5ft - 11 3/ 4 in. long and 6 5/8 in . 

outside diameter. 

Steel Pipe 2 - 1 ft - 11 in. long and 3 in. outside 

diameter . 

D. Velocity distribution of the approached flow was measured by a 

pi tot tube connected to a press1:1re transducer . 
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IV. EXPERIMENT_.;L RE SULTS 

A. Velocity di stribution of the a pproache d flow . As shown in 

Figure 2, the velocity is relati vely uniform in the transvers e 

direction in Flume A. 

B . Visual ob servation of scour process . 

of t ests were made: 

The following three series 

1. T he first series of expe riments was made to study the 

b ehavior of pipe when the pipe was essentially r esting 

on the s ediment b e d . 

Hydraulic condition: (in Flume A) : 

Flow d epth 1 . 6 ft to 2 . 6 ft . 

A ve rage flo w velo ci ty: at the approached section: 

1. 6 to 2 . 6 ft p e r second. 

Sediment s ize : d
50 

(50 % is fine r ) 

=0. 46m . m . 

R esult: A s shown in Figures 3, 4, and 5, the pipe followed 

t he bottom contour of the ocean floor . The pipe was 

fully hurried below the trough of th e s and dunes . 

T he black ink mark on the glass panel of th e flume 

a s shown in these figures indicates the original 

posit ion of th e pipe . 

2. The second s e ries of tests was made t o study the b ehavior 

of pipe when the pipe \,-as rigidly supported by wire above . In 

t his case , the position of the pipe could not be moved by the 

fl ow . 

Hydrauli c condition : (in Flume A). 

Flow depth: 1. 6 ft to 2 . 6 ft. 
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Average flow velocity at the approached section: 

1. 6 to .2. 6 ft per second. 

Sediment size: d
50 

(50% is finer) 

=0.46m.m. 

Result: Figures 6, 7, and 8, show the sediment bed 

pattern for t = 30, 40 , and 50 seconds after 

the pipe was inserted. 

The a ·✓erage velocity was 2. 5 ft per second and 

the flow depth was 1. 7 ft. Figure 9 gives the 

transverse pattern after the water was drained . 

The maximum scour depth d , which is define d as 
s 

the vertical distance between the center line of the 

pipe and the lowest elevation of bed, was always 

less than 1. 5 diameter of the pipe in our tests. 

(See Figure 12). 

3. The third series of tests was made to study the maximum 

scour depth unde r high velocity: (Flume B}. 

Flow depth. 0. 46 ft 

Averc.ge velocity of the approached flow: 5. 3 ft 

per second. 

Sedirr_ent size: d
50 

(50 % is finer} 

= O. 34 m. m. 

Result: As shown in Figure 10, the maximum scour depth 

was 3 inches, which was the diameter of the 

tested pipe. 

The sand bed was essentially flat in this case. 
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C. Sediment - water mixture concentration. The se diment-

water m ixture concentration depends on the se diment size as 

w ell as the flow conditions . 

1. F lume B : 

Flow depth - 0. 46 ft . 

Average velocity of the approache d flow : 5. 3 ft per se cond. 

Sediment size : d
50 

= 0. 34 m . m . 

Maximum sediment concentration near the bed 

= 0. 4 % by weight . 

2. Re cent unpubl ished results obtained by Dr . R . Rathbun of the 

U. S. Geological Survey in an 8-ft flume at the Colorado State 

University Hydraulic Laboratory : 

Flow depth: 1. 60 ft . 

Average velocity of the approached flow : 5 . 5 ft per second. 

Sediment size : d
50 

= O. 23 m . m . 

Maximum s ediment concentration at O. 1 ft from the bed = 

1. 8 % by weight . 

Con centration 
1. 8% 

0.8 

0.4 

0.2 

Distance from bed 
o. 1 ft 

0.2 

0.3 

0.4 

The difference between the two studies (C -1, and C-2} indicates 

that the se diment concentration is extremely sens itive to the size of 

sediments . Higher concentration corresponded to smaller sand size . 

. 6 



V. CONCLUSIONS 

A. If the pipe is supported on the ocean floor, and the average 

ocean floor elevation does not change (no general degradation), 

t he lowest elevation that the top of t he pipe woul d reach would 

b e within one radius of the pip e below the lowest point of t he 

dune as shown in Figure 11. 

B. If the vertical position of the pipe is fixed, maximum scour de pth 

underneath the pipe in a plane bed would be 1. 5 the diameter of 

t he pipe as shown in Figure 12. 

C. If the vertical position of the pipe is f ixed, maximum scour depth 

underneath the pipe in a dune b ed would be the l arger of the 

following two value s: 1) 1/ 2 dune+ 1/ 2 d o r 2) 1. 5 d . 

D. Maximum sediment concentra tion varied greatly with distance from 

the bed and the sediment size even under the same hydraulic condi ­

tions . Since a great ceal of fJ occulating fin e particles exist on the 

o cean floor, it is difficult to estimate the ,density of the mixture to 

ca l culate the drag force on the pipe . T he American Society of 

Ci vil Engineers' Task Committee (Journal of P ipeline Division, 

Am. S. C. E ., Proc . Paper 2755, F eb ruary 19 61), recommende d 

to use 100 lbs/ft3 as the specific we ight of the sediment-fluid 

m ixture for the calcula tion of buoyancy sedlment force . T his 

100 lbs / ft
3 

woul~: be e:iuivalent to a concentration of about 20% 

by weight. I believe that it is reasonable to assume that 

100 l bs / ft
3 

would be the specific weight of the sediment- flu i d 

m ixture for design purposes . 
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Fig. Flume A Flow from Top to Bottom 
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Fig. 3 Flume A - Seri es I - a 
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Fig. 4 Flume - Series 1- b 
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Fig. 5 Flume A Series I - C 
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