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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
Suite 322 82
315 South Allen Street -
State College, PA 16801

December 7, 1982

Mr. Lawrence Brenner
Administrative Judge

Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Judge Brenner:

I am enclosing several pages from a recent publication "Design cf Water
Intake Structures for Fish Protection". I have marked the sections referring
to the 2:1 velocity difference across the intake and the potential for
bio-fouling even in fresh water.

This is in support of testimony I gave November 22, 1982, on behalf of
Del-Aware Unlimited, Inc., Philadelphia Electric Company (Limerick
Generating Station Units 1 and 2), Docket No. 50-352-OL and 50-353-OL.
Even if this cannot be submitted as evidence in the hearings, I felt
it may help you better understand the intake issue.

Sincerely,

W’//m%;

Richard W. McCoy
Fish & Wildlife Biologist
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130 WATER INTAKE STRUCTURES

) The openings are much smaller, say 0.02 to 0.08 in. (0.5 to 2 mm) wide,
compared with 1/4 in., 3/8 f6., or 1/2 in, (6.4 swm, 9.5 sm, or 12.7 wm)
normally used for cylindrical pipe intakes.

s Due to the very small openings, periodic clogging by impinged material
or biological growth must be expected and the screen system, therefore,
Must be designed so that operators have easy access to the screen

unit for cleaning. Unlike the large-opening perforated pipe inlet,

't cannot be placed in deep water or far from shore where access
would t - difficult

Although t ¢ openings in the pipe can be punched perforations (holes or
slots) or profile wire, the profile wire is the favored screening medium and
1ts use will be assumed in the discussion. Unlike most of the intake screen
designs recommended in this text, the concept of the small-opening profile-
wire screen 1s new and relatively untested. There are no installations for
Power plant service presently in existence. Many field tests are presently
underway and have clearly indicated at least some measure of entrainment
reduction. The coamittee accordingly recommends consideration of small-gpening

profile wire screen in light of L.e scarcity of alternative means for reducing
entraineent .,

Biological Considerations - 8iological research on cylindrical, profile-wire
screens indicates that they could be relatively effective in preventing the en-
trainment of fish eggs and most larvae at power plants provided that the screen
stot stze is small (approximately 0.02 to 0.04 in. (0.5 to 1.0 mm), that the
through-siot velocity is low approximately 0.5 fps (0.15 m/sec), and that a
relatively nigh velocity (1.0 fps (0.30 m/sec) or greater) cross-flow exists
Lo carry organisms around and away from the screen (9).

In laboratory studies, Hanson et al. (10) found that entrainment of fish
eggs (striped bass), ranging in diameter from 0.07 to 0.13 in. (V.8 to 3,2 mm),
Could be eliminated with a profile-wire screen incorporating 0.02 in. (0.5 mm)
slot openings. However, striped bass larvae, 4 to 20 days old, measuring
0.2 to U.37 in. (5.2 to 9.2 mm), were generally entrained through a 0.04 in.
(1 mn) slot at a level exceeding 75 percent within 1| minute of release in the
test flume. Larval tests were conducted in a static mode with no crossflow
passing the screen. It was concluded that, since positive rheotaxis was observed
among these early larvae, a crossflow would act to reduce entrainment to some ex-

tent. An ambient current could therefore nelp in preventing larval entrainment.
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However, it could De expected that some of the early larvae of many species would
be susceptible to entrainment. Further, with 0.08 tn. (1.0 sm) slot openings,
eggs or some species would also be subject to eatrainment.

Field studies (11) have been conducted with profile-wire screens to deter-
mine their potential for minimizing entrainment at a proposed power plant to be
Jocated on the St. Johns River in Florida. Intake screens incorporating both
0.04 to 0.98 in. (1 and 2 »m) mesh were tested in situ via a simulated intake
structure; an unscreened intake pipe was utilized as a control condition. The
results of these studies indicated that entrainment of fish larvae was reduced
by the profile-wire screens by more than 60 percent as compared LO the unscreened
intake pipe. Only small differences in entrainment were noted between the 0.04
and 0.08 in. (1 and 2-mm} mesh screens.

The only field study of profile-wire screens for possible application to
a once through cooling water Systam were conducted at the J. M. Campbell Plant
on Lake Michigan (12). The study design was similar to that described above
except that mesh sizes of 0.08 and 0.37 in. (2 and 9.5 mm) were tested in com-
paison to an open intake pipe. In this case, it was also concluded, based on
plankton net tow data, that a profile-wire screen intake would reduce entrain-
ment. However, no significant differences in entrainment were Qetecud t.n-
tween either mesh size or the open pipe. Therefore, the mechanism by which
the apparent reduction in entrainment into the screens and pipe occurred is
unclear. Nevertheless, a profile-wire screen intake has been installed and
is operating at the Campbell Plant, supplying water on a once-through basis ‘
from a submerged location over 3500 ft (1068 m) offshore. Slot width is 0.37 in.

(9.5 mm), not the small size being considered in this section. Operational data
his writing.

b ";:c.::nt::‘::l‘slot size, 0.02 to 0.04 in. (0.5 to 1.0 mm), and slot velo-

city, 0.5 fps (0.15 m/sec), entrapment or impingement of juvenile and adult

fishes would not be expected to occur. Therefore, the profile-wire screen

alternative appears to offer a potentially effective means of reducing fish

losses.

Engineering Considerations - A conceptual intake design specifically adapted to

the dma)l-opening screen is shown in Fig, V-4, The essential elements are as

follows:

o ————— —
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Muitiple screen units are used

DECK FOR MANUAL
SCREEN CLEANING

The screen units are small enocugh ‘n s1ze and weight to permit con-

venlent handiing

| The units are mounted in such a manner that they can be periodically MULTIPLE REMOVABLE
removed from the water and manually cleaned, inside and outside. It SCREEN UNITS
Is expected that normal operation will require a reguler schedule AS REQ'D l

of remocsl to clean off bialogical growth that cannot be removed by

backwashing.

4 Piping downstream of the screens 1S designed so that individual

screen units can be isolated, backwashed, or removed without affect- !

ing the operation of remaining units

r

he following general factors must be considered when designing this type PLAN

of screen

Potential for clogging, especially from biological growth. Tests to

date indicate significant, but manageable, biological growth in salt HOIST & MONORAIL
water and a lesser growth in fresh water. The performance of the TO MANUAL AIR COMPRESSOR
scresn is thus site related. There is a significant difference in CLEANING AREA 9 8 ACCUMULATOR
the degree of biological fouling on various materials available
for fabricating the screens. Stainless steel is the standard WATER BACKWASH
material used for profile wire ‘_reens. Some alternative materials (OPIHWAL)
that are more effective in discouraging biological growth and can AIR BACKWASH
be successfully fabricated using standard manufacturing procedures r .
include 70-30 copper nickel, 90-10 copper nickel, Carpenter 20 (20% \ __*_._ .
chromium stainless steel), Ampco 8 (Aluminum bronze) and monel (13)(14) b
Periodic painting with antifouling paints has also reduced biologi- SCREEN UNIT
cal growth in test installations, IN WALL GUIDE S ‘
2 Site of the opening required to achieve the desired results at a ]
given site. Consider the size of the organism to be prevented from

entering and use the largest opening that will produce the desired

SECTION

result,
). Velocity of inflow. An average slot velocity of inflow of about ’
0.5 fps (0.15 m/sec) has been a common figure used to date. rowever, Figure V-4 CYLINDRICAL SCREEN INTAKE WITH MULTIPLE MANUALLY CLEANABLE UNITS

greater or less velocities may be better suited to a particular Source. Richards (Ref. 41)

Sttuation,

Bt as L S
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4 Geometry of the screen to give optimum performence. The simple
small-opening cylindrical screen will have the same poor velocity

f1stribut ion characteristics as a similar larger opening screen
fiscussed in SECTION [V, The length should nGr exceed the diameter,
and an Internal projecting pipe or other internal velocity distri-

butur should be used

S Poscible adverse influence ot i1ce formation or ice collection on

the screen surface

b Influence of adjecent screen units on one another, during poth
nomal flow and backwashing. Performance will be influenced by
the direction and velocity of ambirent currents at the point of

waler intake

] Method of backwashing. As stated in SECTION IV for larger opening
perforated pipe screens, air blast backwash has been found to be
effective. Alr can be introduced into the lead-in pipe upstream

of the screen unit, Fig. V-5A, or can be discharged from a multi-

ported header inside the screen unit itself, Fig. V-58. Testing

has shown that the latter scheme 1s more complex but more effective.

If the air enters the lead-in pipe, then the screen unit must be

isolated by valve during backwashing, This is not necessary for

the nultiported air header, Fiq. V-58. An air blast volume of 2 to

3 times the screen unit volume, at a pressure of 100 psi

(690 kPa), has been found o be effective in installed units

Studied to date. It is desirable to remove all water from the air
backwash giping upstream of the screen unit just prior to njection

of the compressed air, This can be done by first hieeding air into

the piping to displace the water,

Advantages of the Small-Opening Cylindrical Pipe Intake

l. The small screen opening can be designed to keep many entrained

organisms from entering the water system.

2 There 1s no confined channel leading to the screens, thus eliminating

4 possible area for entrapment of Swinming organisms.

l Source:

o

e m————
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The approach velocity to the screen face falis off very rapidly and
15 negligible a few inches from the screen, as discussed in SECTION
IV for perforated pipe intakes and indicated in Fig. IV-32. The
tendency for swimming organisms to impinge 1s thus low

[mpinged organisms can be removed by backwash without these organisms
leaving the water, w '‘ve the traveling screen which is cleaned
above the water surface.

Trash bars, trash rakes, and traveling screens are not required. This
15 an advantage from economic, operational, and maintenance points of
view. The manual cleaning of the cylindrical screen units requires
less skilled personnel than the maintenance of traveling screens.

Disadvantages of the Smali-Opening Cylindrical Pipe Intake

The site conditions must be such that relatively deep water is close
to shore so that a structure similar to Fig. V-4 can be used. Unlike
the large opening perforated pipe intake discussed in Section IV, it
cannot be placed at a remote offshore location inaccessible for
periodic removal and cleaning.

Backwash piping and valving is relatively complex for a large array
of screen units., Also, the screen and guide materials tend te be
more costly than for standard screens. It is possible that these
factors will negate much of the economic advantage of the elimina-

tion of trash bars and traveling screens.

Intakes proposed to date for water quantities up to say 50,000 gal/min
(200 m"/mm) require a large number of relatively small screen units
resulting in o total structure size greater than that utilizing
conventional screens. The intake can undoubtedly be designed for
substantially larger quantities of water, but the screen units

must be larger than any proposed to date and handling and cleaning

will be more difficult.

The small-opening screens have not to date been proven suitable for
all water gqualities. Unti]l more substantial test and operational
data becoms available, preinstallation testing is recommended for
each site. This will include bilological testing, corrosion testing,
and the testing of the screen system as a whole, with regard to
spacing of screen units to avoid interference under specific site

waterway flow conditions,

-

g
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Recommendations for Preliminary Design of a Smail-Opening Cylindrical Pipe Intake

For preliminary design purposes, the following parameters Mmay be used in
addition to those general factors enumerated above:

Screen unit diameters for the removable type of screen being discussed
here have to date been in the range of 24 to 48 in. (61.0 to

121.9 cm). Commercial automatic winding of profile-wire screen is
presently limited to 36 in. (91.4 ¢m) above which manual fabrica-

tion is required. However, the overall cost of the screen unit vs.
flow capacity is not greatly increased by the manual fabrication.
Handling weight for convenient removal and washdown will be a factor
in size selection.

Limit the length of the screen unit to the diameter of the screen

or less and extend the outflow pipe into the interior of the

screen about 40 percent of the screen length. This modification will
result in a reasonably uniform inflow and will permit convenient
handling for the specific type of wall-mounted screen to which

this discussion applies. Tests to date have shown that the

maximum inflow velocity for this design will be about 125 percent

of the average.

To size the pipe leading from the screen unit into the pump chamber,
assume a maximum outlet velocity of about § fos (1.5 m/sec). Tests
to date indicate that the flow into the screen will be uniform when
this design procedure is used.

The end plate of the screen unit may be either closed with a
solid plate or with additional screen material, There is
evidence that air blast backwashing is more effective if the
end plate is solid.

Physically locate the screens to allow for at least 24 in,
(61.0 cm) of head loss from the inlet system to the pump chamber ,
including losses through the screen itself, the piping and the

valving. This will allow for “sad loss buildup between cleaning
operations.

Determine the total area of the sCreen by assuming an opening
width based on the biological requirements and assuming a wire
size from the manufacturer's catalogue. For example, a typical
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profile wire size 15 0.069 in. (1.75 mm) wide on the front face
For this wire typical percent openings would be as follows:

TABLE V-2
OPEN AREA VERSUS WIDTH OF OPENING FOR 0.069 INCH PROFILE WIRE

Width of Opening Percent of Open Areas

0.02 in. (0.5 sm) 223
0.08 in. (1.0 sm) 6
0.06 in. (1.5 wm) 46
0.08 in. (2.0 sm) 53

9 Provide at least one more screen unit than called for based on total
sresa required. This will permit maintaining the desired flow area
with one unit out of service for backwashing or manual cleaning.
Provide wuitable valving and piping to permit isolation of each
unit separately for backwashing or removal.

h. Provide an air backwash system

\ Space the screens at least twice the diameter of the screen apart
to avoid mutual interference of the fiow fields approaching the

screens,

Fig. ¥-6 1s & typical chart for sizing one type of small-opening cylindri-
cal screen unit designed for an average inflow velocity of about 0.34 fps
(0.10 m/sec). The chart also lists weights for single screen units. This
chart 15 applicable only for No. 69 profile wire. Similar charts can be
obtained from manufacturers for other wire sizes and screen configurations.

MISCELLANEOUS PHYSICAL EXCLUSION CONCEPTS

Other less pramising physical exclusion systems have been studied exten-
sively and are still being investigated. Among these are the following:

a. Artificial filter beds, Fig. V-7. Engineering problems have to
date not been resolved for large and «.lly reliable water with-
drawals from such filters (15). The primary problem with artifi-
cal filters is their potential for plugging and the associated
difficulty of providing a reliable backwash system. There are a

few reasonably successful small installations associated with

water supply withdrawals from clear water sources.
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Courtesy of: Johnson Division UOP Inc.



