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Location
State
County
City
River

Drainage Area
Total Watershed

WATER RESOURCES DEVELOPMENT PROJECT
CHARLES RIVER DAM
CHARLES RIVER BASIN, MASSACHUSETTS

DESIGN MEMORANDUM NO., 5
PUMPING STATION
AND
APPURTENANT STRUCTURES

A. PERTINENT DATA

Flood Control, navigation and highway
transportation.

Massachusetts

Suffolk

Boston

On the Charles River 2,250 feet down-
stream of the present Charles River
Dam, :

307 squére miles

Lower Charles River above

proposed dam

Surface Area
- Datum Relationship

- Proposed Basin

Pumping Station
Structure

Size

Pumps

58 square miles

M.D.C. Base is 105.65 feet below mean
sea level (MSL) U.S.C. & G.S. Datum
of 1929 (105.65 M,D.C. = 0.0 MSL
U.S.C. & G.S. (1929))

705 acres

Reinforced Concrete substructure with a
reinforced concrete frame superstructure
and brick exterior

190.0* x 86.0"

Bottom Elevation 78 MDC Base
Engine Room Roof 162.0 MDC
Penthouse Roof 174.5 MDC

6 - 144" diameter, 105.6 R.P.M,



Pumps, capacity each

Engine

MDC Police Facility
Structure

Size

Fishway
Structure

Type

Size

1400 efs @ 9 ft.
static head

Diesel, 2600 B.H.P. with right
angle gear unit drive
Reinforced concrete frame

and brick exterior

79.16' x 63,16‘

Bottom Elevation 80.0 MDC Base
Roof Elevation 162.42 MDC Base
Reinforced Concrete

Vertical slot
1h44,8' x h1'



B. INTRODUCTION

1. Purpose. - The purpose of this design memorandum is to present the basic
design criteria, computation, and the equipment snd Structural layouts
for the pump station and appurtenant structures.

2. Location. - The location of the Charles River Dam is approximately
2,250 feet downstream of the existing dam., The pump station is positioned
north of the large navigation lock because of navigation channel align-
ment requirements, These requirements prevent the location and orientation
of a pump station most favorable from a hydraulic standpoint, which
results in a compromise in the arrangement and layout of the pumping
station. (See model studies conducted by the Massachusetts Institute

of Technology, Hydrodynamics Laboratory, for the Metropolitan District
Commission Technical Report No. 39 Model Study of a Flood Control

Pumping Station for the Charles River Basin at the Warren Avenue Bridge
by D.R.F. Harleman, C.J. Huval and T.K. Chu, dated December, 1959 which
determined the best arrangement and layout for the pumping station),

The fishway is located north of the pump station. This location
was selected as the most optimum as it is near the point of maximum
water release from sluicing operations.

The MDC harbor police facility is located adjacent to the small
lock No. 1 on the Boston side of the Charles River. This location
provides easy access to and from the Charles River Basin and also provides
a terminus for the overhead walkway which connects the Boston Shore to
Charlestown. The location of all facilities is shown on Plate 5-1,

3o Descrigtiono -

a. Pump Station. - The superstructure is 190 feet long by 86 feet wide
and houses the main engine room at elevation 122,17 MDC. There are three
floors along the entire length of the east elevation. The first floor,
at the same elevation as the main engine room floor, has space for
equipment and boiler rooms, storage and workshop areas and the personnel
office, toilet and locker facilities for operation and maintenance

visitors as well as toilet facilities and also provides a lock masters
office and pump control room. The third floor (upper mezzanine) is
the air intake area, A penthouse, located above the main engine room,
provides space for the exhaust silencers and exhaust fans. Access

to the different floors is by means of stairtowers located at each
end of the pump station. An elevator has been provided in the

north stairtower for handicapped people. See plates 5-2 and 5-3.

The substructure foundation slab, 190.0' x 144.3' has a bottom
elevation of 78 feet MDC, is an independent monolith and will be
poured with construction Jjoints. The forebay and afterbay walls
will be poured in four 1lifts. See Plate 5-4,



The function and operation of the pump station is discussed in Design
Memorandum No. 1 "Hydrology and Tidal Hydraulics". The pumping station
will control the elevation of the lower Charles River Basin during periods
of severe storm runoff to prevent flooding of low-lying urban areas
adjacent to the basin., The pumping station will provide a continuous
discharge of the lower basin to tide water, especially during periods
of high tide in Boston Harbor when gravity sluicing would not be possible.
The operation of the pumping station and pre-lowering of the lower basin
is predicated on the advanced warning of a severe storm or hurricane.

The rain gage, as mentioned in Design Memorandum No. 1, should be used
as a storm warning indicator to pre-lower the lower basin.

b. MDC Police Facility - The superstructure for this facility is
79'-2" long by 63'-2" wide. It houses two (2) boat slips on the harbor
(east) side of the structure. On the west side of the structure, the
main floor at elevation 118.46 MDC provides space for workshop, a boiler
room and stairways. Office, locker and toilet facilities for the harbor
police are provided on the mezzanine,ﬁgp elevation 139.0. A penthouse located

“above the mezzanine, provides space for HVAC equipment for both this structure
and the control tower walkway located over the navigation locks. See Plate 5-5.

The substructure foundation slab, 63.16' by 82.16' has a bottom
elevation of 80 MDC. The slab, which supports the foundation walls and
interior columns, is 3 feet thick.

This facility which was requested by and will be funded by the using
agency (the Metropolitan District Commission) has the function of
providing office space for police personnel and equipment and boat
storage and workshop areas. The police personnel are used to patrol and
regulate recreational boat traffic in the Charles River Basin.

c. Tish Passage Facility - The fishway is a vertical slot-type
reinforced concrete structure 14k, 83 feet long by 41.0 feet wide and
has a top elevation of 122,17 MDC. It is provided with oh-1 foot
thick concrete baffles with a 10.83 foot space between baffles. A
false weir' has been provided for the purpose of attracting fish and
providing a controllable jump for their entrance to the Charles River Basin.
Attraction water for the fish is provided by a 150 horsepower 30-inch
propeller pump. See Plate 5-6.

C. FOUNDATIONS

i. Characteristics of Foundation Soils - The subsurface investigations
and characteristics of foundation soils are discussed in Design Memorandum
No. L4, "Embankments and Foundations". At the location of the structures,
the subsurface consists of a 5 to 15-foot surface layer of soft river
bottom black organic silt. Underlying the organic silt is a 20 to 4o-foot




deposit of very dense till which consists of s heterogeneous mixture

of sand, gravel and clayey silt with occasional cobbles and boulders.
Sendwiched between the organic silt and till strata is a discontinuous
layer of loose silty sand. This layer varies in thickness to a maximum
of 10 feet. The till layer overlies the gray argillite bedrock
formation. .

5. Type of Foundations - The major portion of the pumping station and
fishway will bear directly on the dense till stratum. At those locations
where the organic silt or silty sand is encountered at the founding
elevation, it will be excavated down to the level of the till and
replaced with lean concrete. The maximum thickness of lean concrete
will occur under the northeast corner of the fish passage facility.

The limits and thickness of lean concrete are shown on Plate 5-7. The
lean concrete fill will be placed in layers not exceeding 5 feet in
thickness. Because of boat draft requirements, the MDC police facility
will be founded directly on the dense till strata.

6. Foundation Treatment - The surface of the till may become very soft
from water, frost, traffic and expansion. This softening results in loss
of bearing capacity. In order to ensure against the developing of such
a condition during construction, it will be required that the final 2
feet of excavation be made immediately prior to the placement of a
working mud slab. The mud slab will consist of a 6-inch thick layer

of lean concrete. The structural concrete will then be built over this
mud slab.

7. Bearing Capacity - Foundations have been designed for a maximum
allowable bearing capacity of 4 TSF. The reasons for adoption of this
bearing capacity are discussed in Design Memorandum No. L4, "Embankments
and Foundations". The maximum computed bearing pressure is around

2 TSF.

8. Scour Protection - The scour protection beyond the pump station
(including the concrete apron on the downstream side) will consist of
a 2-foot layer of 5 to 300-pound stones on & l-foot gravel bed
extending 4O feet beyond the concrete structure on the upstream and
70 feet on the downstream sige.

The additional 30 feet on the downstream side has been provided to
prevent scour at the location of the discharge outlets for the Boston
marginal conduit which discharges just below the pump station. Scour
protection requirements are based on EM 1110-2-1602, Hydraulic Design
of Reservoir Outlet Structures. The flow velocity upstream is 2.0 fps
while that immediately downstream of the concrete apron is 2.2 fps.
Based on these criteria, the required stone sizes are 0.05 pounds and
0.06 pounds upstream and downstream respectively. Beyond this stone



protection, the maximum computed flow velocities are less than L4 feet
per second. The existing till deposit, by itself, is considered to be
adequate against scour for flow velocities up to 5 fps. Hence, stone
protection will not be provided beyond the above noted limit except at
the locations of the existing John Fitzgerald Expressway bridge and the
Charlestown bridge piers. At these piers the protection against the
eddy current scour will consist of a o_foot layer of 5 to 300-pound
dumped stone. This layer will extend 8 feet beyond the perimeters of
the pier footings.

D, CONCRETE MATERIALS

9. Concrete Materials - Several nearby commercial sources of aggregate
have been tested and found acceptable. See Design Memorandum No. 3,
"Concrete Materials"”.

E. ARCHITECTURAL TREATMENT

10. General - The pump station and the MDC Police Facility features
brick as the dominant exterior material. Brick was selected because

of its warm character, its durability, its compatability with the adjacent
structures in Boston and Charlestown, and its historic use as a building
material in the Boston area.

The brick will be similar to a waterstruck brick, rich in deep red
tones with mortar tinted to approximate the color of the brick. Arches
have been introduced over the pump discharge openings on the downstream
elevation. These arches reflect the character of the Charles River
with its many arched bridges. Above the arched pump discharge bays is
the enclosed walkway which connects the free standing stair towers and
the pump station. The walkway exterior is porcelain enameled steel,
which will be dark in color to match the visual sense of the brick, and
a gray tinted glass. Above the walkway is a horizontal band of louvers
and clerestory windows. The windows provide natural light for office
space on the mezzenine level and the louvers provide air for the pump
engine air intakes., Above this band is a sloping metal roof of the same
material as the walkway. Above the sloping roof is another horizontal
band of louvers which provide cooling air for the pump engine exhaust
silencers. These horizontal bands create a strong integrated relation-
ship between the various elements composing the east elevation.

The dominant feature of the North and South elevations is a fifty (50)
foot high window that extends from the pump room floor to the underside
of skylights which form the west elevation of the penthouse structure.
These windows dramatically express the interior volume of the pump
room and display the various internal functions of the structure.

The west elevation consists of arched openings which contain windows
and louvers. The louvers supply fresh air to the pump room. The windows
serve to define the pump room volume and to provide a visual link
between the pedestrian access area and the pump room -equipment including
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pumps, engines, and associated piping. The arches continue the theme
of the structure as expressed in the downstream discharge bays.

The walkway containing the lock control modules extends over the
locks and is connected to the locks with circular stairs that are also
sheathed in brick. The south terminus of the walkway is formed by
a structure containing facilities for a Metropolitan District Commission
police harbor patrol. This facility was added to the original Charles
River Dam program during the course of the design reviews. The
Metropolitan District Commission recognized the necessity of a structure
of this type and realized that this was the ideal location with ready
access to Boston Harbor and the Charles River Basin. This structure
contains two slips for patrol boats, repair facilities, police offices,
and crew facilities.

The boat slips and repair facilities are located on the same level
as the locks and the offices and crew facilities are located on the
overhead walkway level. A mechanical penthouse forms a third level
which contains air conditioning and heating equipment for the structure.
The design is consistent with the design vocabulary of the pump station
using brick as the dominent exterior material. The downstream or east
elevation consists of a large rectangular opening for access to the
boat slips. Above the opening is a horizontal band of louvers in a
recessed opening.

The large opening reflects the volume of the interior boat slip
area and relates to the scale of the structure and the complex. The
horizontal louver indicates the function of the mechanical space it
encloses and the clean horizontal lines reflect the character of the
project design. The north and south elevations contain horizontal
windows similar in proportion to the walkway and pump station windows.
The west elevation consists of brick expanses with two horizontal .
bands of windows which reflect the extent of the offices and workshops
located in this area.

The designs (Plates 5-8 thru 5-11) were developed through a series
of conferences with an Architect Review Board convened with the approval
of OCE. This board was composed of: :

Pietro Belluschi - Dean Emeritus, School of Architecture and
Planning, Massachusetts Institute of Technology.

John C. Harkness - Principal, the Architects Collaborative Inc.,
46 Brattle Street, Cambridge, Mass.

Hugh Stubbins - President and Principal Architect, Hugh Stubbins
and Associates, 1033 Massachusetts Avenue, Cambridge, Mass.

The review board concluded that the design/ as finally developed
would be an aesthetic asset to the community, would establish a standard
" of quality for design, and would be compatible with the adjacent
historic sections of Boston and Charlestown.

I



F. STRUCTURAL DESIGN

11. General. This section presents the design criteria, basic data
and assumptions used in design of the pump station and appurtenant
structures. Plates showing the layout, typical sections, details, and
stability diagrams have been included. Appendix A includes complete
stability calculations and typical design caluculations of the major
structural components.

12. Design Criteria.

a. General. The design conforms to the Corps of Engineers cri-
teria. Accepted engineering practice has been employed in cases where
Corps criteria is not available.

b. Concrete. The allowable working stresses in accordance with
EM 1110-1-2101 have been used throughout. Concrete with an ultimate
compressive strength of 3000 psi has been used except for the concrete
in the superstructure frame which is 4000 psi. Nonstructural lean con-
crete with a compressive strength of 2000 psi is used as fill under
portions of the pump station and fishway to replace unsuitable foundation
materials. The design of superstructure has been based on ultimate
strength design.

c. Reinforcement.

(1) Grade and Working Stresses. All reinforcement in the struc-
ture subjected to hydraulic design requirements are designed for a working
stress of 20, 000 psi in flexural tension. The reinforcement specified
is ASTM A615 (Billet Steel), Grade 40. All other reinforcement is designed
for ultimate strength using ASTM A615 (Billet Steel), Grade 60.

(2) Minimum Cover for Main Reinforcement. Requirements for
minimum cover conform to EM 1110-2-2103.

Interior slabs (Except Engine Room Floor) 3/4"
Interior slabs (Engine Room Floor) 1"
Interior beams /2"
Exterior slabs 2"
Walls exposed to water 4"
Base Mat 6"



" 7d. Splices. In accordance with EM 1110-2-2103, the lengths of
splices and staggering of splices will be indicated on the contract draw-
ings. Splices in the main reinforcement at points of maximum moment
have been avoided in the design.

e. Structural Steel. Structural steel conforms to ASTM A36. The
allowable design working stresses conform to those specified in EM 1110-
1-2101.

f. Increase in Normal Working Stresses. Normal allowable work-
ing stresses have been increased 33-1/3 percent where wind loads or
where earthquake loads govern for the substructure only. Ultimate
strength load factors and design is used for the superstructure.

g Expansion joints. The pumping station has been fully separated
from the lock structure and the fishway facility by full expansion joints.

13. Basic Data and Assumptions.

a. Controlling Elevations (M,  D. C. Base)

(1) Pump Station.

Bottom of structural base mat EIL 78.0 and 81.0

Service area deck EL 118. 61
Pump support slabs EL 108. 00
Engine and gear room (Conc. floor) EL 121. 83
Engine and gear room (finish floor) EL 122.17
Engine and gear room (roof) EL 162. 00
Penthouse roof EL 174.50

(2) MDC Harbor Police Facility.

Bottom‘ of base mat EI1, 80. 00
, Majn floor EL 118. 46
Boathouse roof EIL 150. 95
Penthouse roof EI 162. 47

(3) Fishway.

Bottom of base mat EL 85.00
Top of structure EL 118. 61 and 122.17



b. Loads.

Dead Loads - The following unit weights for materials have
been used:

Concrete 150 pounds per cubic foot (pcf)
Steel 490 pcf

Earth (saturated) 125 pcf

Earth (moist) 125pct

Brick 120 pcf

Live loads - The following live loads have been used:

Water 64.2 pcf
Roof 30 psf
Penthouse Floor 140 psf
All other floors 100 psf
Interior metal stairs 100 psf
Exterior stairs 75 psf
Loading Platforms 300 psf
Engine & gear room 200 psf plus 127 k pump thrust
Service area deck H-20 truck with appropriate impact
Crane 20 Tn Capacity
Impact 25%

Horizontal transverse
load of lifted weight
and trolley applied
1/2 each runway 25%
Longitudinal force , 10% of maximum wheel load.

c. Water Pressure. Full hydrostatic water pressure has been
assumed acting over the entire area of the base. During construction,
while cofferdam is in place, hydrostatic uplift has been neglected.

d. Earth Pressure, At-rest pressure was used for design of the
fish passage facility and the retaining walls. For soil properties refer
to Design Memorandum No. 4, "Embankments and Foundations''.

e. Earthquake Forces. The structures have been designed for
seismic zone 3 condition. The design of the superstructure has been
based on the Tri-service Manual TM 5-809-10 dated April 1973. The
substructure was designed using a factor of 0.10g using ETL 1110-2-109,
dtd October 1970.
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f. Ice Pressure. The basin is subject to freezing depending upon the
severity of the winter and the relatively constant basin elevation. The
Metropolitan District Commission awards an annual contract for ice
breaking in order to maintain an open channel for commercial traffic.
This open channel allows for sufficient expansion of the ice. However,
an ice pressure analysis assuming 8 inches of ice and using criteria
in EM 1110-2-2602 and EM 1110-1-2101 had no effect on existing design.
Therefore, ice pressure on the Structure is considered negligible and
has been disregarded in the design of structures.

g. Wind Pressure. A horizontal wind pressure of 35 pounds per
square foot has been used in the design.

h. Frost Protection. The base of the structures may be subject to
frost action during construction. Proper measures will be provided
to guard against this condition until the height of fill is at least 4 feet
above the bottom of the base.

i. Wave Pressure. Due to the secluded harbor location of the pro-
posed structure, wave pressure is not considered critical and has not
been included in the design. Refer to Design Memorandum No. 1,
'""Hydrology and Tidal Hydraulics''.

jo Location of Resultant. The resultant falls within the middle
third of the base for all loading conditions investigated.

k. Resistance to Sliding. Except for case III a (earth quake and
hydrodynamic forces added instead of wind) the required minimum fac-
* tors of safety against sliding as required‘&y' ETL 1110-2-22 have been
provided, assuming a friction value of 0.5 and no cohesion. For case
Il a, a factor of safety of 2.04 has been computed. However, as this
case combines earthquake force with extreme pool levels, the computed
safety factor is considered satisfactory. The various factors of safety
at different loading conditions are shown on Plate 5-12.

1. _Allowable Foundatién Bearing Pressure. As discussed in detail
in Design Memorandum No. 4, "Embankment and Foundations'), the
allowable bearing pressure is 4 tons per square foot.

14. Preparation of Calculations. Hand calculations supplemented by
the use of an IBM - 1130 computer have been used in the design.

11



15. Design of Structures.

a. Superstructure.

(1) Roof. The main roof for the pump station will be constructed
primarily of 24 inch precast concrete double tees. The roof is supported
on cast in place reinforced concrete bents which are spaced 31 feet on
centers. That portion of the roof over the walkway consists of a 6 inch
reinforced concrete slab supported by the steel truss framing system
of the walkway. The portion of the main roof which forms the floor
for the penthouse also consists of a 6 inch reinforced concrete slab.
The roof over the penthouse will be 10 inch precast hollow core slab
construction. The concrete frame supporting the penthouse roof is
supported by the main roof framing system. Overlying the double tees
and the hollow core slabs will be a 2 to 4 inch thick normal weight
concrete topping which slopes from the supports to the centers of each
bay. Plate 5-13 shows the roof plans for the pump station superstruc-
ture.

(2) Framing System. The framing system for the pump station
will consist of reinforced concrete bents spaced 31 feet on centers. The
frame is designed for ultimate strength using AC1 318-71 except Appendix
A and TM 5-809-10 for wind and seismic crit¢eria. A typical section is
shown on plate 5-13.

The framing system for the MDC police facility similar to the
pump station. The reinforced end bents are spaced approximately 10
feet from the interior bents with a spacing approximately 21 feet between
the interior bents. Typical sections are shown on Plate 5-14.

(3) Crane. A 20 ton capacity crane, extending the length of the
pump station and supported by brackets along column lines A and E has
been provided. A 5-ton capacity monorail has been provided in the work-
shop area of the police facility.

(4) Exterior Walls. The exterior walls for the pumping station,
stair towers and police facility will be constructed of 6-inch brick
(Plate 5-10A) having 2 minimum compressive strength of 7000 psi. A
high-bond additive will be specified for use in the brick mortar to pro-
vide the following minimum allowable strengths:

12



axial compressive strength - 1250 psi
flexural compressive strength - 1670 psi
tensile strength - 112 psi

shear strength - 100 psi

These allowable st-rengths are in accordance with the International
Conference of Building Officials Report No. 2585 dated January 1972,

The use of high-bond additive in the mortar produces sufficient
flexural strength with the laid-in-place curtain wall to resist lateral
loads without a back-up wall. The brick wall is deéigned as a simple
span vertically between concrete spandrels and the building founda-
tions, with a maximum span of 13-feet. Shelf angles will be provided
at each spandrel beam with appropriate brick ties above and below the
shelf angle. Actual tensile and shear stresses are less than the allow-
able strengths tabulated above. Mortar cubes using the high-bond
additive were tested in the Division Laboratory with the following
results:

3 days 90 days
tensile strength 103 psi 535 psi
compressive strength 113 psi 5850 psi

b. Substructure.

(1) Pump Station

(a) Service Area. The service area slab consists of reinforced
concrete beams spanning between 4 feet thick forebay walls which support
an 18 inch thick slab. Several grating covered access openings are pro-
vided in the slab. The concrete beams and grating are designed for H20
truck loading. Three of the forebay walls support the future viaduct
pier columns, see Plate 5-4,

(b) Engine and Gear Room. This floor, supporting heavy equip-
ment has been designed as a 3.83 feet thick slab spanning between walls
below. The floor is pierced by many trenches, hatches, sumps and
maintenance openings which are covered by either grating or checkered
plate.

(c) Pump Room. The five foot thick pump room slab is supported
by the longitudinal walls, spillway and transverse wall. A circular
opening will be left in the floor slab to permit installation of the pumps.

13



The access opening will be filled with grout after the pump casing is
set.

(d) Walls and Foundation Mat. A rigid frame analysis has been
used for load determination. The walls have been designed for bend-
ing and axial load due to lateral and superimposed loads.

(e) Stop Logs. The stop logs are of welded frame structure
with a 3/8'" skin plate. A design water level of El. 114 has been used.
Slots are provided in the afterbay walls for installation by the overhead
crane.

(f) Trash Racks. Trash racks in the forebay wall of the pump-
ing station has been designed for five foot differential head. The
middle support is a concrete encased steel beam.

(g) Bulkheads. The removable bulkheads, located in the walls
of forebay section of the pumping station, are welded three dimensional
trusses with a 7/16" thick skin plate. A design water level of El. 110
with a 2 foot freeboard has been used. The bulkheads will be installed
by a mobile crane.

c. Stability Analysis.

(1) Loading Conditions. The pumping station structure has been
investigated for the following conditions of loading:

Case 1. Construction condition cofferdam in place, dead load
of structure with wind load. No hydrostatic loading and no equipment.

Case la. Same as Case 1 except earthquake load is added instead
of wind load.

Case 11. Cofferdam failure during construction with -Jesign water
level at EL. 115. This condition considers full hydrostatic uplift and
wind load.

Case lla. Same as Case 11 with eartkquake and hydrodynamic
loads added instead of wind load.

Case 111. Extreme operating condition with high water at EL.

112 on basin side and low water at EL. 98 on tide side. Uplift and wind
loads included.
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Case llla. Same as Case 111 with earthquake and hydrodynamic
loads added instead of wind load.

Case 1V. Extreme operating conditions with high water at EL.
116 tide side and EL. 106 basin side. Uplift and wind loads included.

Case 1Va. Same as Case 1V with earthquake and hydrodynamic
loads added instead of wind load. :

Case 1Vb. Same condition as Case 1Va, except earthquake and
hydrodynamic force applied from the tide side.

(2) Critical Conditions. Stability investigations show that
Case la (Construction Condition) will give the maximum bearing pressure
on the base of 1. 76 tons per square foot which is well within the allow-
able for glacial till. For the extreme operating condition (Case 1lla)
a maximum bearing pressure of 1. 48 tons per square foot is reached.
For stability diagrams, refer to Plate 5-12.

d. Substructure Earthquake Considerations. Earthquake loading
has been considered in the stability analyses and in the design of the
major substructure.components, '

16. Fish Passage Facility. This facility will contain high and low
sluiceways, and a vertical slot fishway. It will be located on the
northerly side of the pumping station and will be approximately 41 feet
wide separated from the pumping station by an expansion joint. The
structure is a concrete monolith with nonstructural concrete added
for ballast. Stability analysis (including earthquake loadings) meets
all requirements of uplift, safety factors and location of resultant.
See Section J "Fishway and Sluice Facilities' in this memorandum

for description.

17. Gravity Retaining Walls, The retaining walls located north of
the fish passage structure have been designed for the applicable con-
ditions of water, earth pressure and seismic loadings using EM 1110-

2-2200, Gravity Dam Design.

G. MECHANICAL DESIGN

18. General. Plates 5-15 and 5-16 indicated proposed pump curves,
and Hate 5-17 show general arrangement of the pumps and miscellane-
ous equipment.
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19. Pumping Station Equipment.

a. General., The pumping equipment will consist of six (6) pro-
peller pumps driven through right angle transmission gear units by
diesel engines, and miscellaneous mechanical equipment. A typical
section is shown in Plate 5=18.

b. Pumps. The selection of the pump was based upon a detailed
investigation of alternative types of pumping equipment reported in
"Progress Report No. 3 - Report Upon Alternative Types of Pumping
Equipment for Charles River Basin Elevation Control Project', Decem-
ber 1959, by Charles A. Maguire & Associates and Elson T. Killam
Assiciates, Inc. The investigation concluded that the most advan-
tageous type of pump comprises the open top or ""bucket type'' vertical
propeller pump, driven by medium to high speed diesels, through
right angle reduction gears. The principal factors upon which this
conclusion is predicated are as follows: Lowest overall cost; mini-
mizes the problem of cavitation and negative head control; the high
discharge lip (EL. 116) provides a barrier against tide water passing
upstream without dependence on 6 large discharge control gates,
except for adjusted tide of record. There is a possibility of over-
topping the discharge tube by the 1851 tide of record (elevation 115.7
feet MDC) adjusted to 1970 (elevation 116. 6 feet MDC), Studies on
reverse flow with all pumps inoperative indicate the effect on basin
elevation and salt water intrusion is minimal. Gear units are pro-
vided with a reverse ratchet arrangement to prevent windmilling
under this remote reverse head condition. Each pump will have a
capacity of 1,400 cfs at a pool to pool head of nine (9) feet. Plates
5-15 and 5-16 indicate typical horsepower efficiency, and head-capacity
curves for the proposed pumps.

Plate 5-15 indicates pump performance at 105. 6 rpm which is
the maximum speed for the particular pumps in accordance with the
pump model test performed under contract with the Metropolitan
District Commission by Fairbanks Morse. The pump model test
also concluded that the discharge chamber ceiling be established at
elevation 118. 0 feet MDC. This configuration produces the minimum
head loss between the cone crest and the ceiling. Plate 5-16 indicates
performance at 101. 5 rpm which is the normal operating speed. Under
normal conditions, the pumps will be exposed to a corrosive sea water
environment. In order to provide a maximum protection at minimum
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cost, the entire pump casing will be fabricated of 3/4" thick plate
steel sand blasted and protected as described in Section I, "Corrosion
Protection''. The impeller would be cast of non corrosive nickel-alloy
steel.

c. Traveling Crane. A 20-ton traveling crane with an electrically
operated bridge, trolley and hoist will be installed for handling the
equipment during construction and for maintenance. The crane
capacity is based on handling the heaviest piece of equipment that may
have to be replaced during the life of the station.

d. Trash Racks. Trash racks will be 6-inch spaced steel racks.
The 6-inch spacing is consistent with spacing used in the Central and
South Florida Flood Control Districts and in the City of New Orleans
Storm Water Pumping Stations which are of comparable magnitude.
These installations have spacings varying from 5-1/2 inches to 8 inches.
The 6-inch spacing is compatible with the capacity of the pump to
handle large solids.

20. Heating, Ventilation and Air Conditioning.

a. General. The pumping station will be fully heated and ventilated
with certain portions air conditioned. Direct expansion air conditioning
will be used for cooling, utilizing a package air conditioner adapted with
an enclosed condenser with a forced flow air system ducted to the outdoors.
These will be hung adjacent to the outside wall. Steam will be used for
heating, utilizing No. 2 oil for fuel. In some remote instances, electric
radiation will be used for heating.

b. Operation. The pump station in general will be heated by unit
heaters with steam while electric radiation will be used in the office
and personnel area. Air conditioning in the office and personnel area
of the pump station will be provided by a ceiling hung package air
conditioner. Steam will be used for air reheating. The heavy ventila-
tion for heat dissipation in the pump station will be provided by an
exhaust ventilation system with large gravity intakes which will be
activitated by thermostats.

c. Temperature Control. A complete system of temperature
control will be provided and will consist of the following:

(1) Unit heater control which will consist of local thermostats
to start and stop the unit heater fan in each respective area of the pump
station.
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(2) Radiation control which will consist of a thermostat activating
the radiation on a drop in space temperature.

(3) Local thermostats for the air conditioning control to act-
ivate the cooling in a rise in temperature and stop the cooling and
activate the respective reheat coil on a drop in temperature.

(4) The overall ventilation for the pump station shall be con-
trolled on a bay by bay basis with the respective thermostats in each
area activating the roof fan and opening the intake air damper on a
rise in temperature and closing the damper stopping the fan and
activating the unit heater on a drop in temperature.

21. Dewatering. Provision for the dewatering of the bays is accomplished
by the installation of bulkheads or stop logs, which would be installed

by crane or hoist. The actual dewatering will be accomplished by a
central system connected to the lock wet well sump. See Plate 5-19.

22. Cooling Water. The diesel engines will be cooled by potable
water supplied by the City of Boston low service system with a backup
connection from the Charlestown system. The heat exchangers will

be specified as double pass units to reduce cooling water requirements.
The use of brackish Charles River water or raw sea water was considered,
but was disregarded because of the availability of city water and the
fact that municipal water offers maximum reliability at 2 nominal

cost to purchase, and less maintenance. In addition, the total

quantity of potable water to be used in the system will be low because
of the relatively small number of hours of operation of the station.
Operation will be required only for excercising the pumping equipment,
and perhaps, during spring runoff and/or the late summer hurricane
season. For this reason, it would not be economical to use a raw sea
water supply and attendant equipment.

18



H. ELECTRICAL DESIGN

23. General. - The design of the electrical installation for
servicing the pumping station includes provisions for power, exterior
and interior lighting, control systems, electric heating, ventilation,
communication, telephone, grounding, and temporary power and light
service,

2k, Power Supply. - The Charles River Dam Project will be supplied
by two 15 KV Boston Edison lines to provide a spot network system.
These 15 KV cables will originate from thé Hawkins Street Substation
in Boston's Government Center. Each supply line would follow a separate
route in the public streets to the junction of Causeway and Beverly
Streets, one via Sudbury, North Washington and Beverly Streets and
the other via Chardon, Merrimac and Causeway Streets. From this
point both lines would continue in Beverly Street to the project
property line by Boston Edison Company and continue underground to
the project facilities via a transformer vault located in the small
lock. EFEach Edison route is approximately 2,800 feet. From Causeway
Street new concrete ducts would be installed in Beverly Street to

the property line with a separate conduit for each cable, see Plate
5-20. At the Hawkins Street Substation, each of the 13,800 volt
supply lines will be connected to separate busses. These busses

will be connected to separate 75,000 KVA, 110/13.8 KV station transformers.
Each of the project's two 13.8 KV lines would be supplied from either
75,000 KVA transformer by means of automatic switching arrangement
available at the Hawkins Street Substation. The Hawkins Street
Substation was completely renovated with every necessary safeguard
to assure continuity of service to the important Government Center
load in Boston, for which it was primarily planned eight years ago.

25. Main Power Transformers.

a. Main Power Transformers. - The two incoming 13.8 KV primary
service lines will terminate in the transformer vault in the large
navigation lock. Each of the 13.8 KV supply lines will feed a
separate KVA network type transformer with L80 Y/277 volt secondaries.
These transformers will be furnished and installed complete with
15 KV switch and secondary network protectors by the Boston Edison
Company. The two transformer secondaries are connected to a common
collector bus and divide the load. Each transformer is capable
of servicing the total project demand load.

b. Spot Network System. - With the Spot Network System, a high
degree of continuity of service is made possible because service
is maintained to the load during such initial periods as primary
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circuit failures or removal of a transformer for maintenance. When
secondary faults occur, they are cleared by limiters used at each
end of a section of secondary cable.

26. Standby Emergency Generator.

a. Emergency Power. - Emergency power will be provided by a
diesel-driven electric generator located in the Pumping Station. The
power generator will be rated 300 KW - 375 KVA, 80 percent power
factor, 60 cycles, 277/480 volts. The generator will be capable of
supplying power for selected loads connected in the Main Control
Center, including selected loads in the pumping station via the
automatic transfer switch in the main control center. See Plate 5-21.,

b. Automatic Controls. - Automatic controls will start the pre-set
diesel engine when normal utility company voltage drops to a prescribed
level and when the main service breaker opens. A time delay control
will prevent the starting of the diesel-electric set during momentary
interruptions. The transfer of load from the diesel-electric set to
the normal power shall be accomplished manually.

27. Secondary Service.

a. Power. - Power from the electrical installations in the
navigation locks and the pumping station is normally supplied from the
two 500 KVA network transformers. Secondary service from the trans-
formers, Vvia the collector bus and limit lugs, to the main control
center located at the navigation locks shall be 277/480 volts, 3
phase, 4 wire, 60 cycles. Power will be distributed to the entire
project, including the pumping station, from the main control center.

b. Main Control Center. - The main control center will be
totally enclosed, free standing, dead-front assembly with 2,000 ampere
main horizontal busses consisting of 10 cubicles. The bus bar structure
shall be braced for short-circuit faults of 75,000 amperes symmetrical.
The main 2,000 ampere drawout air circuit breaker and all the feeder
breakers in the main control center shall have a rated interrupting
capacity of not less than 30,000 amperes.

c. Emergency Power. - Emergency power shall be supplied by the
300 KW diesel-electric generator standby unit to the main control
center, at 277/480 volts, 3 phase, 4 wire, 60 cycles. The 2,000
ampere automatic transfer switch in the main control center will
provide automatic transfer of load from the normal power source to
the emergency supply in the event of normal voltage failure.

d. Secondary Metering. - Secondary metering will be provided
adjacent to the main control center for the entire project.
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e. 208Y/120V Requirements. - Dry-type transformers shall be
utilized for transformation of the 480 volt service to the operational
voltage of 120 volts, single phase for lighting service and 208 volt
single or 3 phase for small power and heating loads. Dry-type
transformers shall be air-cooled, 60 cycles, 3 phase rated at 480
volts primary with 120/208 volts, 3 phase, 4 wire secondary windings.
In general, power load shall be supplied from the 480 volt, 3 phase
service.

f. Reliability. - For greater reliability of service to the
pumping station, two separate feeders will be installed from the main
control center at the large lock to the pumping station control
center. Each feeder will provide 800 amperes at 480 volts, 3 phase,

4 wire service to the pumping station. Only one feeder will be in
service with the other feeder utilized as standby. Should the service
feeder be damaged and unable to deliver power, the standby feeder

will provide service to the pumping station through the automatic

" transfer switch in the pumping station control center. The two feeders
will have separate routing between the two control centers. The

main power feeder from the transformer vault and the main emergency
power feeder from the pumping station will have separate routing to
the lock control center.

g. Grounding. - In general, the grounding system will consist
of a 500 MCM bare stranded copper cable for the main grounding loop.
From this grounding loop, connections will extend to all equipment
including the grounding electrodes to provide a complete grounding
system which shall have a low resistance to ground of 5 ohms or less.
A grounding bus of 1/4" x 2" copper bar shall be installed the full
length of the main control center and the pumping station control
center.

h. Auxiliary Systems. - The following auxiliary systems will
be installed for the Charles River Dam Project:

(1) Paging & Reply system. Complete with hand set units,
amplifiers, speakers and all the required components.

(2) Installation of a complete empty conduit system including
outlet and junction and terminal boxes for the Telephone Company
wiring.

(3) Navigation Lighting

(4) Fire Alarm System
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I. CORROSION PROTECTION

28, Existing Conditions. - The site is approximately 3,000 feet west
of Boston Ipner Harbor. At the present time, the Charles River Basin
is contaminated by sanitary and industrial wastes from combined
sewerage overflows., However, the Metropolitan District Commission

is presently engaged in a program to eliminate pollution from the
Charles River Basin,

29. General Conditions. - In order to provide the pumping equipment
with optimum protection from marine growth and the corrosive effects
of salt water and salt water spray, for less cost, the following
zones of attack are considered:

a. Atmospheric Zone. - Portion of structure that is not wetted
directly by water, but is wetted by water spray.

b. Splash Zone. - Portion of structure just above highest water
level exposed to wave action.

c. Tidal Zone. - Portion of structure betwéen normal low and
high water levels.

d. Permanent Tmmersed Zone. - Portion of structure below normal
low water level.

30. Pumps. - The pumps for this project will be approximately 27 feet
in height and 12 feet in diameter. The bottom of the suction bell
will be set at approximately elevation 89 feet M.D.C. and the discharge
cone at approximately elevation 116 feet M.D.C. The propeller housing
and diffuser bowl will be fabricated from 3/4-inch thick plate steel.
In order to attain maximum corrosion protection, the entire pump

casing will receive a first coat of epoxy zinc-rich paint (E-303) and
at least 2 coats Of coal tar epoxy (C-200). The total thickness of

the coatings will be at least 16 mils. The propeller will be cast

of a non-corrosive nickel-alloy steel.

31. Trash Racks. - The trash racks will be fabricated of steel.
Because of the fact the trash racks are to be placed in brackish

water on the basin side of the pump station, they will be protected
against corrosion by one coat of zinc rich primer followed by at least
14 mils of coal tar epoxy.

J. TFISHWAY AND SLUICE FACILITIES

32, Purpose. - The purpose of the fishway is to restore anadromous
fish, especially American Shad, to the Charles River. It is anticipated
that the fishway will be operated during daylight hours between April 15
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and June 15 for upstream migrating fish., Downstream fish migration
during June through October will be by way of the boat locks. At
present, alewife and smelt migrate by passing through the lock of the
.existing Charles River Dam. It is estimated that the Charles River
has the potential to support approximately 200,000 adult shad.

33. Location. - The fishway and sluice facilities will be located in
the new dam to the north of the proposed pumping station.

34, Description. - The fishway will consist of a modified vertical
slot with a false weir. Attraction water will be provided by a

pump. The fishway design shown in the memorandum is tentative. Model
studies are being conducted by the North Pacific Division Hydraulic
Laboratory and changes, if any, resulting from the model studies will
be incorporated into the final contract plans.

35. Operation. - Charles River water is pumped by a 150-horsepower
30" propeller pump into a 30" by 30" by 30" tee. The flow is split
for usage in two points in the fishway. A total of 55 cfs is pumped
and of this, 20 cfs travels through a reducer to a 20" pipe system
with a wafer-type butterfly valve for control. This 20" pipe system
leads to the false weir at the basin end of the fishway. There, the
flow of 20 cfs enters a hollow box arrangement where the flow is
baffled and directed into the first fishway chamber. The purpose of
the false weir is to attract the fish and provide a controlable

jump for their entrance to the Charles River. Some of the 20 cfs

is used to carry the fish over the top of the weir and is wasted to
the Charles River. The other outlet of the 30" by 30" by 30" tees

is reduced to 24" and also has a wafer-type butterfly valve for
control. The 24" pipe system travels in the direction of the tide end
of the fishway where it connects into the constant head tank with a
flap valve at the discharge end. Approximately 35 cfs enters the
constant head tank where two 18" pipes with flare fittings and one

ol pipe with a flare fitting are used as morning glory weirs,

‘This overflow arrangement provides a constant head for the fishway
pump to pump against, since the fishway level is influenced by the tide
height and varies considersbly. Thus, one pump running at a constant
speed can do two jobs. The overflow pipes lead to the last three cells

of the fishway so that more water can be introduced for attraction purposes.
Diffusers are used to reduce the turbulence impact on the migrating fish.

At the tide end of the fishway there is a velocity control in the form

of a floating weir gate with a slot 1.5 feet wide. The weir rises and
falls with the tide with the base of the slot always 4 feet below the

tide level. The floating weir is effective from tides ranging from

above 96.0 feet to below 111 feet. Headloss through this floating weir

is approximately 1.5 feet.
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36. Sluices. - Two sluices, each 8 feet wide by 10 feet high are
utilized to control the basin during normal runoff. One sluice is
located high in the monolith near the fishway to provide good quality
attraction water for the fish in the spawning season while the other
sluice is located low near the pumping station to draw off brackish
water. Refer to Design Memorandum No. 1, "Hydrology and Tidal
Hydraulics" for detailed discussion.

K. CONSTRUCTION SEQUENCE

37. Construction Sequence. - A continuing contract will be awarded

for construction which will be accomplished in two stages, because of

a navigation channel which must be open at all times. The pump

station, large navigation lock, fishway and sluice facilities, and
gravity walls will be constructed in stage 1 which will take approximately
30 months. This work will be done in the dry (See Design Memorandum

No. 4, "Bmbankments and Foundations™). Stage 2 includes the construction
of the 2 small navigation locks, the MDC Police facility and the

earth dam., The total construction time is approximately 48 months.

A separate contract was awarded to Colt Industries in January 1973 for
advance fabrication of the pumps, engines and drive gear units for the
pump station.
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