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FOREWORD

Man and his environment must he protected from the
adverse effects of pesticides, radiation, noise and other
forms of pollution, and the unwise management of solid
waste. LEfforts to protect the environment rcquire a
focus that recognizes the interplay between the conm-
poncents of our physical environment--air, water, and
land. Tihe National Invironmental Rescarch Centers
provide this multid.sciplinary focus through programs
cngaged in

® studies on the effects of environmental
contanminants on man and the biosphere, and

@ a scarch for ways to prevent contamina-
tion and to recyvcle valuable resources.

This report describes the construction and operation
of a Supplemental Pumping Station that was i1nstalled at
the Richmond (\irginia) hastewater Treatment Plant. The
usc of this statron made it possible to continue plant
opcration while nev plant units were being installed.,

A. W, Breidenbach, Ph.D.
Director

National Invironmental
Rescarch Center, Cincinnati

iii



ABSTRACT

In past times, the insertion of a major element into
an existing sewage treatment plant was accomplished by
taking the plant out of service and bypassing sewage during
the cut-in period. It is possible to insert new plant units
in major sewage treatment works without bvpassing; however,
avoidance of bypassing may require the construction of other
major facilities.

At the Richrmond, Virginia Wastewater Treatment Plant,
(Annual Average Capacity = 70 mgd) a major structure, i. e.,
a Supplemental Pumping Station, and several ancillary struc-
tures were provided to achieve the project objective of no
bypassing wkile a new grit chamber was being connected
ahead of the existing Main Pumping Station, vhich station
received and pumped all of the raw sewage.

The Supplemental Pumping Station was constructed by
sinking a two-compartment, sheet steel cofferdam around an
existing 72-inch concrete sewer and recarranging the influ-
ent sewer flow pattern so that the sewage was redirected
to the site of the Supplemental Pumping Staticn. The re-
direction of sewage flow was achieved by the reconstruction
of a junction chamber and by the insertion of a specially
designed removable bulkhead, all without bypassing sewage.

The time required for the design, construction and

operation of the Supplemental Pumping Station was about 36

iv



months. The cost of design, constructi.n and operation was
about $900,000.00, of which $282,022.00 was provided by a
EPA Demonstration GCrant.

This report is submitted in fulfillment of Research,
Development and Demonstration Grant 11022FLV, Constiuction
Grants WPC-VA-248 and WPC-VA-272 from the Environmental

Protection Agency to the City of Richmond, Virginia.
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SECTION I

CONCLUSIONS

The project demonstrates that it is possible to cut in
a major sewage treatment plant element without the need
for bypassing raw sewage.

Wnere no special provisions have been made either in
the existing works or in the design of the new facili-
ties for cutting in major plant elements without by-
passing, special design will be required to achieve the
"no bypassing" objective. 1In the case of this project,
the special design required principally the supplemental
purmping station and the construction of a unique bulk-
head with a built-in sluice gate.

sumping units of standard design can be used. The
pumping units which were selected were variable speed
motor driven vertical centrifugal pumps.

A two compartment sheet steel cofferdam is a feasible
means for constructing a pumping station substructure
around an existing sewer.

The time for design and construction of so-called temp-
orary facilities is likely to approach that required
for conventional facilities.

neliable operation can be achieved through the design
of simple mechanical configurations. The total control
was: pump-on, pump-off, and pump-speed. Suction or

discharge valves were not operated as a part of the



10.

11.

12.

start-stop seguence.

Variable speed pump operation is feasible without a

wet well. The close control of pumping levels, however,
is difficult to achieve and requires more than ordinary
attention.

Provisions should be included for large debris fron
finding its way into the pump suction through unantic-
ipated water levels. Large garbage cans and tires suc-
ceeded in finding their way behind the coarse bar racks
and interfered briefly with pumping operations.

The degree of treatment of sewage was maintained through-
out the construction period.

llo deterioration in th=2 water cuality in the James
River was experienced throughout the construction
period.

The scheduled bypassing time for the construction of
the grit chamber was 110 calendar days. The time re-
quired to design, construct and operate the supple-
mental pumping station was 36 months. The total sewage
pumped was 13,125 mg.

The ce¢st of the new grit chamber was approximately $1.8
million. The cost of the supplemental pumping station
and appurtenant work was $900,700. This amount in-
cluded the cost of design, construction and operation.
If all costs of the supplemental pumping station are
applied to the cost of pumping sewage, *he amount would

be $65.54 per million gallons.



SECTION IT

RECOMMENDATIONS

This demonstration was necessary because of a change
in Federal quidelines. At the time a new grit chamber
was scheduled to be connected to the sewage treatment
works, the Federal quidelines were revised to prohibit
any bypassing of raw sewage to receiving waterways

As a result, the use of the new grit chamber was
delayed about 36 months until a supplemextary pumping
station could be cdesigned and constructecd and the
necessary connecting wvorks completed. It is recom-
mended, therefore, that, to the maxirum extent possible,
any project approved under one set of guidelines, and
for which the major construction has keen accomplished,
be allowed to be completed under those guidelines

rather than be conformed to a new set of criteria.

The project cemonstrated that new plant facilities can
be cut into an existing plant without the need for
bypassinct. The delays in the completion of the new
works ademonstrated the need to include those facilitics
for the avoidance of bypassing among the provisions

for cut-in included as part of the original design.
Such facilities should not be made a separate element

of work.



If supplemental pumping is required, the facilities
for such supplemental pumping should be included as
a part of the general plant construction. A greater
selection of pumping equipment will thereby be made
available and the time for construction and for
pumping will be coincident with the general plant
construction ané will not be made a sequential item
of work. The cost for such supplemental facilities

will be reduced by this procedure.

Pump contrcl is basic to the operation of the
supplemental pumping station. Usual automatic
controls are not adecuate for a pumping facility
which has no wet well. It is necescary that a single
level be def.ned for the control of all pumps at all
speeds. Such a set point controller will facilitate
automatic operation and will avoid problems in pump’

speed setting.

If a supplemental pumping statinn is to be strictly
a one-time temporary pumping station, simpler config-
urations for the substructure should be explored to
reduce both the tine and the cost. Multiple smaller
circular cofferdams may be feasible and if the time
for the exploration of pump types is available, some

form of a vertical wet pit type dredge pump might be



suspended within the cofferdam. These elements

may tend to reduce time and cost.

The supplemental pumping station was planned to
function about 110 days while the new grit chamber
was being cut into the system. It was to be main-
tained on a standby basis should some future contin-
gency reguire its reactivation. If a supplemental

or a standby pumping ~tation is to be maintained for
the total life of the treatment works, the substruc-
ture should be large enough to accommodate equipment
for all the future sewage quantities to be expected.
The design concept might be diffcrent from the one
which has been constructed. The function of a proposed
supplemental pumping station shculd be fully explored

and developed prior to the start of design.



SECTION III

INTRODUCTION

A. The Problem

The Richmond Sewage Treatment Plant was designed during
the early 1950's and placed in operation in 1958. ‘ost
pl=nts of this age had no means of routing sewage around its
main pumping station without bypassing raw sewage. The
practice of bypassing has always been permitted in th= past
throughout the country.

The City of Richmond is engaged in making certain ad-
ditions to, and improvements in, its sewage treatment works.
F'igure 1 shows the relationship of the Wastewater Treatment
Plant to the City of Richmond. Specifically, a new grit re-
moval chamber now completed had to be connected to the plant's
main pumping station which lifts all sewage into the plant.
The grit removal chamber was constructed at a cost of $1.3
million, including a 30 percent EPA grant. Fhotographs of
the new Grit Facilities are shown in Figures2 and 3. The
City also has secondary treatment facilities under construc-
tion which had to be connected to the present primary treat-
ment plant at several locations. These secondary treatment
facilities had also been approved for LPA grant participation.
In addition, due to the severe flocd in August, 1969, which

inundated much of the treatment works, certain cleaning and
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maintenance operations had to be performed.

The grit chamber was projected to be completed by
November 1, 1969, and it was planned to cut in the new
facilities during a 110-day period beginning on that date.
During this 1l0-day period, the normal dry weather sewage
flow of approximately 30 million gallons per day would be
chlorinated and discharged directly into the James River,
thereby bypassing the plant. The Virginia Water Control
Board had approved the proposed plan. Prior approval had
also been obtained from the U.S. Lnvironmental Protection
Agency in 1967 as part of its review of the City's plans
for the construction of the grit removal facility and the
initiation of construction of the secondary treatment works.

The Regional Director of the Federal Water Pollution
Control Agency anncunced in September, 1962, that his Agency
was opposed to the bypass. le stated that he would initiate
action to prohibit the City from bypassing sewage into the
James River and would oppose further Federal funding of
Richmond's sewage treatment works if this were done.

This new public policy prohibiting plant shutdown and
bypassing provided a complete departure frcm the procedure
previously approved by the Regulatory Agencies, and created
a new problem for the City in that no provision had been
made in the design for the connection of the new plant
elements without a plant shutdown. The City accepted the
new policy and directed its engineers, Greeley and Hansen,

to develoup schemes whereby the necessary work could be

10



accomplished without bypassing sewage into the James River.

B, The System

Figure 1 shows a general location map of the Richmond
area. Figure 4 shows the major scwers entering the Waste-
water Treatment Plant. Tigure 5 shows the arrangement of
the sewers and plant structures in the vicinity of the Kain
Pumping Station prior to tle construction of the new g.it
removal facilities. Figure 6 illustrates a flow diagram to
accomplish temporary bypassing of plant facilities during
the construction of the connecting conduits for the new
grit chambers.

Two alternative methods were devised which would permit
the connection of the new grit removal facilities without
plant shutdown and without bypassing the raw sewage into
the James River.

1. Alternate A comprised the installation of a
60-inch temporary bypass around the inlet conduit
to the pumping station from the new diversion
chamber to the inlet of the Main Pumping Station.
A temporary bulkhead would be required to be in-
stalled at the outlet of the south junction
chamber. Temporary bulkheads were also required
at the entrance to the Main Pumping Station. If
this arrangement could be provided, the plant
could be kept in operation, using the existing

Main Pumping St-iion, vhile the new grit :emoval

e 11
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chamber was connected to the plant.

Alternate B visualized the construction of a
Supplemental Pumping Station. Sewage could be
diverted to the Supplemental Pumping Station by
reversing the flow through the 72-inch Lower
Goodes Creek Intercepting Sewer which ultimately
would carry sewage to a junction chamber adjacert
to the Main Pumping Station, and thereby divert
the sewage around the main pumping station and
force main to the treatment facilities. A temp-
orary bulkhead would be required to be installed
at the outlet of the south junction chamber and
in the diversion chamber where the new supple-
mental pumps would discharge. This would permit
the new grit removal chamber to be connected and
the cleaning and maintenance of the Main Pumping
Station and force main to take place without the
necessity of bypassing untreated sewvage into the

James River.

A Supplemental Pumping Station could solve the
immediate problem, and could be used in the future
should an emergency arise requiring a shutdown of

the Main Pumping Station and force main.

The arrangement for a Supplemental Pumping Station

and ancillary facilities is shown on Figure 7.

17
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Fhysical Requirements for Constructing Supplemental

Pumping Station

1. Location of Supplemental Pumping Station

The preferred location of the Supplemental
Pumping Station on the Lower Goodes Creek Inter-
cepting Sewer was such that the pumping station would
not be excessively deep, the water levels in the wet
well would not be too high so as to surcharge the
sewers and cause overflow into the James River, and
that relatively inexpensive modifications would be
required to the existing structures.

As shown on Figure 8, a suitable location for
the Supplemental Pumping Station would be close to
the existing 96-inch force main. Figqure 9 shows the
hydraulic profiles extending from the river crossing
through the Lower Goodes Creek Intercepting Sewer,
through the Supplemental Pumping Station and to the
diversion structure. The profile also shows the con-
nection from the south junction chamber through the
new Grit Chamber to the Main Pumping Station. The
flow from the pumping station would be discharged to
the existing diversion chamber at which point pre-
chlorination normally occurs.

The location had to be such that at any time in
the future should it become necessary to provide ad-

ditional pumping capacity at the Main Pumping Station
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or make any repairs to equipment, all of which would
require a shutdown, the Supplemental Pumping Station
could be reactivated thereby permitting continuous

operations without bypassing to the James River.

2. Sordon Avenue Overflow Relief Chamber

Prior to the directive from the Federal Water
Pollution Control Agency to accomplish the plant im-
provements without bypassing, the Gordon Avenue Over-
flow Relief Chamber was designed to take the flow from
the Lower Goodes Creek Intercepting Sewer and also to
serve as the point of chlorination of all the sewage
being bypassed to the James River. Wich the construction
of the Supplemental Pumping Station, this structure no

longer serves any purpose.

3. Plant Connections for Secondary Treatment
Facilities

Connections of the secondary treatment facilities
which were originally planned to be made during the
110 days of plant shutdown were redesigned, based on
the new concept of the Federal Water Pollution Control
Administration that no bypassing to the river is per-
mitted. The three connections which were made while
the plant was kept in operation are as follows:

(a) Connection between the infiuent channel

and the preliminary sedimentation tanks.
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(b) Connection between the effluent of the
preliminary sedimentation tanks and the
secondary treatment facilities.

(c) Connection at Outrall Chamber No. 3,
which is part of the outfall system for

the primary-secondary treatment works.

4. Bulkheading the Inlet to the Main Pumping

Station

Figure 10 shows the existing south junction chamber
and the temporary bulkhead which must be installed in
the 8-foot square outlet. This bulkhead must be in-
stalled in this junction chamber to divert the flow to
the Supplemental Pumping Station. & 3-foot by 4-foot
sluice gate was installed on the bulkkead to permit its

installation.

The Design Problem

The average tributary dry weather flow to the
Wastewater Treatment Plant is approximately 30 mgd with
minimum flows in the range of 15 to 17 mgd and maximum
dry weather flows approximating 50 mgd. 1In the desian
of the Supplemental Pumping Station, it was planned to
provide two or three pumping units with an installed
caracity ranging hetween 90 and 100 mad. fherefore,
operating these units simultaneously, capacity would

be available for approximately threec times the average
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& SUGGESTED SEQUENCF OF OCRK TO BE PERFORMED

INSTALLATION OF BULRHEAD STRUCTURE

Install tew Dulthead guide wits bolted to the sosth eall of the chasher and located at
€1 -1 0" byt omituing the guide plates

thatal) the t-eteck sheave Dolted to the north eall of the chexBar and located at
€' 4" 0" €23 the gearod hoist =ounted on the chasor reof st €1 ¢ 2 0

Lopar tha Rarszental fulZrum BoZe into the chasder and st 1t rest tepararily on the
cancrete boneh st €1 9 - 0°

Locar the Duitnasd structure assenly (with sluice gate ¢n ODEn POSsti1on Dolted in place
g the Lighech sling attachct) guiding 1t carefully end floring the side nsoprons seal
strips northasrd until the petioa of the buikhazd 13 srthin 3 3 of tna i1nvort of the
chimber end the face of the vertical hutkhess beam flanges 13 § fram the face of the
wih sall

tnatal! purie plates on tun Dulkn3ad guite unels 2nd connect the tishech shing to geares
totst cebie passing undar tha shoave sounted on the north eatl  Tighten thy tradach
cxdie 23 the entrre Lulioa structurs 13 1n fully guiGod control end s fezdy for tne
leamring 1n place operation

Loser the bulkhead structure asseadly guiding 1t carefully shile Enntai-ing 2 9"
clesrance beteysn the vertical buisnezs bazs Pisngas and the *ace of the wall untsl the
bottow of te tulknozd ts @ithin § of the easoct of the cnazder This operation
equires 3 carofully coordinated ro'sase of 2oth hoisting cables 1n order to C1ntain
&8 essentially sertocal posttion of the structure 1ptey floe of scazge
through the chSyr eill &xgin 1o exert 3 canstantly .ncreasing pressure on the bulkhesd
structure end oill B3 renistod Oy tho pull en the tiodack cadle  Tne icpoded flow st
CR30 3cI32en level 10 1180 N0 &y escatually wdwIrpy the ooon siuice gate port
Roevor 1t 13 MOt epocicd 10 11t sx0ve Kpronaatoly €l 0 0 o oromed.rly
one feot baica the chabor Jonch elovation  The bulkhezd structure s nos ready for

the iateral sasting oporation

Ralcase gransally th tichsck cadtle ond perwit eator pressurs to sove the bulkhesd struc
ture scutieard s lfe still Sintaring 1ty essentiai ly vertical position end boing
cortain that 112 2183 noOprcns 8621 sTrips aro proparly flezod nortnoard ©ron o
clodrence tatecon thy vertical byl bes> 1A end tho face of the call s attamnod
16237 the Buikhazd structure 1ha reSpining Grstonce of 1" paroitting 1t to rost On he
nvort of ths enchar  Disconnce® the ain noist czhie  instail four horizental tazs
struts 1ocatcd ot Bl of ©O° OCring buithozd structuro to «ts find! vortical alig=snt
Oy edjusting & sats of four jeching ot scre=s located on thg strut plates st €1 o1 @
& 4 £5te of oo o9t screm locatad on tho wertical Boo> fiengos edjent to the south
@il of tho chezhor at Ef -8 1y Install sail engloa undar tha top chemal of the
Buithona, structure 3t €1 ¢ 2 0°  Looscn tho gearcd hoist codle

Instal) Mrzental fulens o o thailt englas countod on the cast ond «Ist onlls of

B che=2ar ot £1 -0 1% o9 BOIt 1t to four vortical dorms of tha bullkhesd structure
tnatol | enchor Boca locatod culsidd tho north call of tha cho®yr  Ingtall 4 1}y "2
tie res oith turnnzkios tying tha fulcna b to Lhe cutsidy anchior bees  Tighten
™2 tio reds entil oIt four 2ats of too 50t acroms lecated cn tho vortsoal toom flengos
at E1 -8 Iy oro relioved o thasr 1nitisl Bosd  Crulk tight tha pwiaer epace botescn
o tio rets L7 tha holes 1n thd north cotl of tha exsdor

Ceuth 1AL tho e e50Ce DOtoSon the bulkvesd structuto 6 tho cdjccent concrate catl
caesxrotbl 6 0

Inatalt sluice gote extonaic” S1E3 sten puida end the ORITating ficar stz togothor
®I1th Its ceat 1fon enunt.ng brackot enthored to <l at €1 ¢ 12 - O

C'cso tha sluice gote  Scoegy love! eill rise in tha chedar sutficiently high to
exezicdoty 1y {1Ge thecuCh the provigus iy provided oypess cormxticn located in the
©ast el of tho choO: It (s Nt expacted 16 (130 chove spprosiastely BV Q0 O

REROVAL OF BULKHEAD STRULTURE

Esaentially this shall follow the steps of the 1nS1a11ati0n Cracedsre extedt i
teverse order
Jpee the stuice gale Sesage tevel oill drop beloe the bench fevet at k1 9 - 6~
fpTre siusce gate operating floor stend cast 17on GNling Brackst stas puede and
the gatension stem  Rove shalf angles locaten wnoas the top owmcagl of the Coikams
stngture st El_ ¢ 2

Roczxe tie rods and the outside anchor beem end SEDBrting Drectats  Eoases foicrun
with npgorting shet? angles and lay 1t teporaniiy sside on the be=en ot 60 @ O

Tighten the gearsd hoi1st cadle  R3Dve four hors:ontal B323 struts leotsd ot £1 o |
Connect the wein hoist cable end tighten 1t 4130 I3 Guikhead stestture }~ ef? s
seating levsl

Tignten gracuslly the tishack cadie and v 1o Iulth=nd structuro SIEYISI0 @116 2
§ “clearince i3 obtaInGd DItecon the sorlical Suizs ORSM flengss £ ™9 face of ¢
w!t

Rauae the Bulhead steucture untel the BOTEGD of (0 DUIRRCSE 15 3 )° 2358 t29 inv
of tne chestar This shail bo dona by a carefully coordinoicd 1223 <3 of COth E3ists
cadler  Fgmove gurde plates from the bufthess £ui02 units loccotcad o1l -3 O°
Oiscornee: tha tichack sling

Rarse 'wm structure
units lccated at €t - ¢ O

y out of tng fmove 09 tutts=z) Cndy

Ramove the fulcnss bozs 2nd the supporting sheif ongics ahich hRave besn tomgoTarily m
asigz on the bench at €1 9 0 °

Roexee the tiobzch sheave Doited to the aorth call sng thy £331€8 M3t g o Uw
chuar roof st €l o 2° 0"

FIGURE 10

SOUTH JUNCTION CRAMBER
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dry weather flow or twice the maximum dry weather flow.

In addition,the outlet from each pump was designed
with a siphon to prevent backflow from the point of
discharge (existing diversion chamber) while the Main
Pumping Station is in operation and the Supplemental
Pumping Station is in a standby condition.

In considering the above,it ‘ras important to find
equipment which was readily available and easily in-
stalled.

The various motive powers considered to drive the
pumps were gas endines, dGiesel engines and electric
motors.

Sludge gas or natural gas were not available at
the pl?nt site during the time of design or construction.
Therefore, gas engine drives were not considered.

Diesel engines would be required to operate for
extended periods of time at very slow speeds due to the
minimum sewage flows which could be encountered at the
pumping station. This type of operation, with economical
high speed engines, would require excessive maintenance
to keep the injectors and the ports clean; thus the re-
liability of the station would be reduced. Therefore,
diesel engine drives were not used.

Electric motors require a minimum amount of main-
tenance with very good reliabilicy. In addition, re-

liable power was available a short distance from the
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Supplemental Pumping Station. Therefore, variable
speed electric motors were selected as the pump drives.

The control of the pump speed is important so that
the wet well will not rise to such a level that the
sewers surcharge and discharge raw sewage into the James
River. The depth of the pumping station was set so that
the pumps would not operate dry at minimum speed when
the level in the wet well was at a minimum.

The bulkhead required to be installed in the existing
south junction chamber presented a difficult problem.
Although this was the best possible location for the
bulkhead, no standard device would work, including in-
flatable plugs, flat plates, stop logs, etc. Whatever
type of bulkhead was to be used would require instal-
lation while the sewage was flowing through the existing
structure. The structure, however, was not designed
for the head which would be imposed on it with the in-
stallation of a bulkhead.

An involved and costly procedure was necessary to

solve this problem.
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SECTION IV

THE CONSETRUCTION DESIGN

Descripticn of the Pumping Station Design

1. Structural: The supplemental pumping station was

to be designed as a simple economical structure con-
sisting of a sheet steel piling cofferdam to be built
around the existing 72-inch ID lLower Goodes Creek
Intercepting Sewer and to act as the substructure for
the pumping station. A dividing wall of sheet steel
piling set on a short concrete wall divides the sub-
structure into the wet well and the pump room in the
dry well. The scheme of sheeting was with wales and
cross-lot bracing located in such a manner as to form
a structurally sound substructure and to permit reason-
able location of the required equipment. 'The design
was such that the sheeting was to be driven to rock
and then the concrete base placed and keyed into the
rock.

The loads for a structure as deep as this were

very substantial necessitating very large walers and
struts. After the structurc was completed, the uppexr
portion of the existing 72-inch reinforced concrete
Lower Goodes Creek Intercepting Sewer pipe was removed,
thus forming part of the wet well. Figures 11 and 12

illustrate the type of construction.
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Figures 13 to 23, inclusive, illustrate a general
sequence of construction of the Supplemental Pumping
Station and the modifications to the diversion structure.

2. Architectural: A superstructure of economical

materials was constructed over the pump room in the

dry well (See Figure 12), and constructed of a structural
steel frame with insulated metal siding. The siding was
made up of an exterior steel panel with a paint finish
and an interior steel panel with a baked-on finish and
1-1/2 inch thick fiber glass insulation betweea the
panels. Hollow metal doors and frames and aluminum
louvers were provided in the walls.

The roof was constructed of four sections made up
of 1-1/2 inch deep, formed steel decking. The outer two
sections were spot welded to the steel roof framing and
the inner two sections were bolted to the steel framework
to provide for the removal of the pumping units. A vapor
barrier, 1-1/2 inches of rigid insulation, a four-ply tar
and gravel roofing was applied over the metal deck. A
metal facia and water dam was installed around the perim-
eter of the roof. Sheet metal downspouts were provided.
Steel stairs were provided for access to the pump room
floor.

The wet well was not covered, but was protected
with a railing around the entire perimeter. Aluminum
stairs were provided in the wet well for access to the

bar racks.
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Existing 72-Inch

Lower Goodes Creek Intercepting Sewer i s g
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Figure 19
Suppiemental Pumping Station
nterior View of Sewage Pumping Units
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View of Open Wet Well
and Enclosed Pump Room
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3. Piping and Equipment: Two vertical nonclog raw

sewage pumps with close-coupled wound motor drives,
supported directly on the pump, were installed, Each
pumping unit is capable of variable speed operation.
Each unit is capabtle of puming 50 mgd at maximum
speed and 15 mgd at minimum speed. The pumps are
provided with grease seals.

The suction of each pump is a 42-inch steel pipe
with a 42-inch sluice gate at the end in the wet well
for shutoff. A 36-inch steel discharge pipe with
sleeve type couplings is provided from each pump
forming a siphon at the top where it leaves the pump-
irq station and discharges down into the nearby existing
diversion structure.

Bar racks which may be cleaned manually are pro-
vided in the wet well ahead of the suction sluice
gates. Figure 12 illustrates the arrangement of the
piping and equipment.

The chlorination piping in the existing diversion
structure was modified to provide facilities for the
addition cf chlorine downstream of the pump discharges.
Valving is provided in the new chlorine piping so that
the chlorine may ke applied at the entrance of the
96-inch force main when the Main Pumping Station is

in operation, or downstream of the Supplemental



Pumping Station pump discharges when the Supplemental
Pumping Station is in operation.

Metering equipment include meters and registers
for each pump suction and discharge pressure and the
pump speed. With this information and the head-capacity
curves for each pump, the approximate pumping rate for
each pump may be determined. The meters and registers
are located on an instrument panel inside the building
at the ground floor level.

Provision for manual or automatic control of the
pumps is provided in the pump control system. The
variable speed control system for both pumping units
consists of autoratic speed control arranged to sense
the liquid level in the wet well. The wet well level
as sensed by the liquid level contrel adjusts the
liquid rheostat connected in the secondary of the wound
rotor motor for pump speed control. L[xternal heat
exchangers are provideé, for the ligquid rheostat,
consisting »f a radiator and fan mounted outside the
pumping station structure. The speed control is
designed to start the leaéd pump, maintain a constant
wvet well level until the lead pump is ;t maximum speed
then start the second pump and both pumps then operate
at reduced speed maintaining a pre-set wet well level.
An alarm system includes an annunciator on the pump

control center and an outside horn and a flashing
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light to give an alarm in the event of equipment

failure.

4, FElectrical System: The electrical system for

the Supplemental Pumping Station consists of a sub-
station near the pumping station which is supplied
from a 13.2 kv VEPCO overhead line and supplies power
to the Suprlemental Pumping Station at 2,400 volts.

An auxiliary station transformer located outside
the pumping station structure is provided to supply
station pcwer at 480/277 volts for heating, ventilating,
lighting and other auxiliaries.

The switch gear, primary control and secondary
controls are mounted on a concrete slab at ground floor
level inside the superstructure of the pumping station.

Figure 24 shows a simple one-lire diagram for the

station's electrical arrangement.

L. Heating and Ventilating: An exhaust fan with a

capacity of 1,000 cfm mounted on the roof provides
continuous ventilation of the Pump Room and dry well.
The roof exhaust fan's duct carries down into the
Pump Room or dry well to just above the pump suction
ccennection providing an exhaust of about 6 charaes

per hour for an effective operating height of 10 feet.

A 3-foot by l-foot 4-inch high manually operated
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louver is provided in the superstructure wvall to
provide for the continuous air intake.

Another exhaust fan with a capacity of 6,000
cfm is mounted in the Pump Room about 10 feet above
the lower floor. This fan is thermostatically con-
trolled to provide heat removal and discharges through
a gooseneck on the roof of the superstructure. Inter-
locked with this exhaust fan is a 4-foot Ly 8-foot
high motor-operated louver located in the super-
structure wall, which provides the intake to the
superstructure of the required amount of outsice air.

Three 20-kw thermostatically controlled electric
unit heaters are provided for heating the Pump Room

ancé superstructure.

B. Uescription of the 'adulkhead"

The installation of the bulkhead in the existing
South Junction Chamber required design because of the
unusual structural aspects.

The walls of the existing South Junction Chamber were
not designed structurally to restrain the greater loads
imposed on them by the increase in internal hydrostatic
pressure; an 8-foot by 8-foot opening in the south wall
leading to the Main Pumping Station was to be bulkheaded.
The entire structure, including the north (back) wall and

the side walls, was engaged,structurally, to carry the loads
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imposed by the severe hydraulic conditions after the
installation of a bulkhead.

The bulkhead had to be installed while the sewage
was flowing through the junction chamber. The bulkhead
was prefabricated of welded steel plates, beams and
angles with a 3-fcot by 4-foot sluice gate mounted at
the center near the bottom and rubber seals on both sides
and the bottom. The bottom of the 8-foot by 8-fooc
opening was flat with no sill for bottom support of the
bulkhead. It was necessary to design the bulkhead for very
small deflections to prevent leakage.

The bulkhead was designed by a stiffness method using
an\IBM 36C computer. A program was developed which deter-~
mined all reactions, shears and moments of all points
considering the effects of the various deflections.

The bulkhead was structurally tied to the back wall
with the use of tie rods and an anchor beam placed outside
of the structure against the back wall. This permitted
the hydraulic loads imposed on the bulkhead to be trans-
mitted into the entire structure, even utilizing the side
walls, and preventing the south wall from receiving the
bulkhead loads for which it was not designed. Figure 10
illustrates the bulkhead as installed. It was necessary
to remove a portion of the top of the concrete structure

to permit the installation of the bulkhead.



il

Figures 25 to 30, inclusive, illustrate the instailation
and removal of the temporary prefabricated bulkhead placed in
the inside south face of the special structure to divert raw
sewage to the Supplemental Pumping Station vhile making con-

nections to the new Grit Removal Facilities.

C. Method of Accomplishment and Costs

To obtain pumping equipment as quickly as possible, the
pumping -uiprant was purchased with a separate contract prior
to thr _.esign of the structure.

To obtain the most readily available equipment, the
s secifications permitted the furnishing of new or reconditioned
pumping units consisting of two or three vertical or horizontal
electric motor driven units. The type of controls permitted
were squirrel~-cage motors with adjustable speed magnetic
drives, wound rotor motors with liquid rheostat variable
speed controls in the secondaries of the motors. Two bid
proposals were received for the above pumping equipment and
controls. Both proposals were for new equipment. One pro-
posal offered two vertical wound rotor motor drive units
each with a maximum capacity of 50 mgd; the other proposal
offered three horizontal units with wound rotor motor drives
each having a maximum capacity of 30 mgd. Each proposal in-
cluded liquid rheostat variable speed controls.

Although the bid prices of the three horizontal unit
proposal was slightly less than that offered with the two

unit vertical proposal, the two vertical units were selected
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South Junction Chamber
South Face of Chamber
Showing Bulkhead in Place ,
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because a much smaller pumping station structure could be
built and the savings in cost of the smaller structure would
more than offset the small additional cost of the equipment.
The total amount of the bid for the two vertical pumping

units and all specified controls was $149,900.00.

D. Design Time

The design of the Supplemental Pumping Station and
Appurtenances began in January, 1970. Bidding documents
for the pumping equipment and controls were prepared and
bids were received on May 14, 1970. The Contract was
awarded on June 23, 1970, and the design of the Supple-
mental Pumping Station was begun to accommodate the specific
equipment to be provided. On July 20, 1970, the preliminary
Plans were reviewed with representatives of the Federal Water
Quality Administration, the Virginia State Health Department
and the Virginia State Water Control Board. The design con-
cept was approved at that meeting, and at the end of July,
1970, the FWQA approved the Plans for the Supplemental Pumping
Station. All design work was completed and negotiations with
Contractors were éegun for the accomplishment of the Contract
work. Contracts and change orders to existing contracts were
signed in December, 1970, and on-site construction was begun

February 19, 1971.
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SECTION V

THE COWSTRUCTION

The design of the facilities necessary to avoid
bypassing was initiated following acceptance of the Grant
Offer on January 26, 1970. The work was to be developed
in two parts; pumping equipment and the Supplemental
Pumping Station structure itself.

On April 21, 1970, the Federal Vater Quality
Administration approved the Plans and Specifications for
the pumping equipment. The contract was advertised on
April 24, 1970, with bids to be received on May 14, 1970.
The award of the contract was approved by the FWQA and the
contract was subseguently executed on June 24, 1970. Pump
tests were witnessed on January 25 and 26, 1971. All
equipment under the contract was received by the end of
May, 1971.

The preliminary design of the "Supplemental Puvmping
Station - Structures" and the design of the temporary
bulkhead for the existing junction chamber were substantially
complete by June 1li, 1970. A meeting was helu on July 20,
1970, to review the cost estimates for the pumping station
and bulkhead. Present at this meeting were representatives
of the Federal Viater Quality Administration, the State
Health D-2partrent, the State Water Control Board and the
consultants of the City of Richmond.

At the meeting, the plans for the pumping station

structures were submitted for approval. As a result of



that meeting, it was agreed to redesign the electrical
service to realize a savings of approximately $7,000
and to eliminate the Dahl flow tubes. These changes
were to be incorporated in a change order to the work
presently underway at the Wastewater Treatment Plant.

The Federal Water Quality Administration notified
the City on July 29, 1970, that they approved the design
of the Supplemental Pumping Station - Structures,
incorporating the changes discussed in the July 20, 1970
meeting.

Actual construction of the Supplemental Pumping
Station - Structures was begun on February 19, 1971, with
the driving of sheet piling completed on April 7, 1971.
Excavation was essentially complete by September 4, and
coricrete work was accomplished between September 10 and
November 23, 1971. The assembly of the superstructure,
clectrical work and the installation of equipment and
contro’s were all undertaken during the¢ pericd from
November 23, 1971 to February 1, 1972.

In addition to the two main parts of this project,
(pumping equipment and pumping station structure) numerous
smaller projects were necessary to allow the Supplemental
Pumping Station to function properly. These various
projects were achieved through change orders and various
contracts. The various Contract Divisions for work at

the Wastewater Treatment Plant, the change orders,
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separate contracts, dates of issue and a brief description

of the work covered by each change order or contract are

summarized below:

Change

Order
Contract Number
Div. X 7
Div. X 9

Date

4-17-79

10-10-70

64

Description

For furnishking all labor,
material and equipment for
the construction of the
following items (see projosal
Ly Contractor dated April

13, 1970, and proposed
construction procedure):

1. Outfall Chamker No. 3,

as illustrated on Supplementary
Sheets 4 to 6, inclusive
revised March 19, 1570.

2. New Diversion Chamber and
Sewer as illustrated on
Supplementary Sheets 1 ané 2,
dated@ October, 1968.

Change Order No. ¢, "Modi-
fication of Junction at River
Crossing" per letter of
January 9, 1970, from the
City Manager addressed to

the State water Control Board,
including Attachment "A".

Part D of Attachment "A",
Modification of Junction at
River Crossing -~ Construction
Grant. (See English
Construction Company, Inc.
proposal dated September 25,
1970, and Plan Sheets Nos.

l, 2 and 3 with Specifications.



Change

Order
Contract Number
Divs. XII
and XIIr 2
Divs. XII
and XIII 3

Date

9-2-70

10-10-70

65

Description

For furnishing all 1labor,
materials and equipment

for construction of a sluice
gate chamber in the existing
raw sewage conduit adjacent
to the existing primary
tanks (See Spplemental
Sheet No. 2 and English
Construction Company
proposal).

Research and Development
on a Supplemental Pumping
Station and on the Modi-
fication of Junction at
River Crossing p=r letter
of January 9, 1970, f-.m
the City Manager addressed
to the State Water Control
Board including Attachment
IIAII o

Part A of Attachment "A" -
Pumping Facilities Research
and Development Grant.

(See Part A of English
Construction Company, Inc.
proposal dated September
23, 1970 and Plan Sheets
Nos. 1 through 13, with
Specifications).

Part D of Attachment "A" -
Modification of Junction

at River Crossing - rFasearch
and Development Grant (See
English Construction Company
Inc. proposal dated
September 23, 1970, and

Plan Sheets Nos. 1, 2 and

3 with Specifications).



[ .

Change
Order
Contract Number Date
Divs. XII
and XIII 4 10-10-70
Divs. XII
and XIII 5 10-21-70

66

Description

Construction of a
Supplemental Pumping

Station and Modifications

of Diversion Structure per
letter of January 9, 197¢C
from the City Manager
addressed to the State

Water Control Board including
Attachment "A".

Part A of Attachment "A",
Pumping Facilities -
Construction Grant. (See
Part A of English Construc-
tion Company, Inc. proposal
dated September 23, 1970
and Plan Sheets Nos. 1
through 13 with Specifica-
tions).

Part B of Attachment "a",
Modification of Diversion
Chamber - Construction Grant.
(See Part B of English
Construction Company, Inc.
proposal dated September

23, 1970 and Plan Sheets

Nos. 1 through 13).

For furnishing materials
and labor for construction
of and installation of a
steel bulkhead in the eff-
luent channel of the
existing Preliminary
Sedimcentation Tanks per
Supplemental Sheet No. 3

and the English Construction
Company proposal of Octoker
19, 1970. This work is to
be accomplished with the
existing plant in operation.



Change
Order

Contract Number

Date

Supplemental
Pumping
Station -
Furnishing
Pumping
Equipment

Supplemental
Pumping
Station -
rurnishing
Pumping
Equipment

Electrical
Substation

6-24-70

5-19-71

3-22~71

Description

Furnishing and deliverinuy
complete, the new or
reconditioned used pumping
equipment consisting of

two or three vertical or
horizontal, electric motor-
driven pumping units and
all equipment to provide

a complete pump control
system.

For furnishing a ground
detection alarm system,
fused switch and additional
motor starters, and the
deletion of the window-~-type
current transfecrmers and
ground fault relays. No
extension of time is
required.

Furnishing and installing
the transformers, poles,
fence, and related equipment
to completely construct the
substation.

The existing diversion structure was altered during

the period September through November, 1971, with the

installation of a wooden bulkhead.

Wwork on the connection of the grit removal facilities

continued until the Vlastewater Treatment Plant was flooded

in June, 1972.

At the time of that flood, work was essen-

tially :=zamplete on construction required for connection of

the grit channels.

Following the emergency repair work

was begun on the Grit Removal Facilities. This period

oS rawpair required approximately three months.
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1972, it was anticipated that connections could be made
and the Supplemental Pumping Station could be shut down
about the beginning of October.

The flood in the early part of October forced the
station out of service frcm October 6 through October 9,
1972. Once again, the grit channels were flooded and
repairs were completed by the beginning of December.

Attempts to reactivate the Main Pumping Station were
hampered by damage caused by the flooding and idleness,
but undetected during repair work. Complete repair work
on the Supplemental Pumping Station made necessary by
the June, 1972 flood could not ke acccmplished until the
Main Pumping Station was reactivated. The floods of
June and Cctober, 1972, caused a Gelay of approximately
seven months in the corpletion of the supplemental pumping
operations.

The flood of August, 196%, while not occuring éuring
the construction of the Supplemental Pumping Station and
appurtenances did contributz to delays in the construction
schedule for the Grit Removal Facilities. The irtended
period of plant shutdown had to be delayed from September
15, 1969, until November 1, 1969. Before the plant shutdown
was to begin, however, bypassing was ruled out and
circumstances led to the filing of the grant application

on November 14, 1969.
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Initiating Construction

The connection bhet..een the South Junction Chamber
and the Main Pumping Station was closed by the installation
of the specially designed bulkhead. Modifications to the
South Junction Chamber and preparatory work for the instal-
lation of the temporary bulkhead was begun on October 12,
1971, ané was completed by Januvary 31, 1972. At that time
an attempt was made to install the bulkhead in accordance
with the suggested procedure outlined in Figure 8. The
attempt to install the temporary bulkhead was unsuccessful
because the Contractor failedé to ascertain a dimension in
the field as stipulated in the design Plans. The bulk-
head was removeé, 'tered and reinstalled on February 1,
1972. Final adjustments on equipment and controls in the
Supplemental Pumping Station were made between February 2
and February 9, 1972, when the sluice gate was closed on
the temporary kulkhead in the South Junction Chamber ard
the Supplemental Pumping Station went into full operation.
The temporary bulkhead sealed the opening excellently,

allewing very little leakage.

Termination of Construction

In December, 1972, the sluice gate in the temporary
bulkhead was opencd at various time. to test the operation
of the grit channcls and the Main Pumping Station. These

tests were run on an intermittent basis until January 3,
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1973. By February 14, 1973, preparations were being
made to restore the stiucture and equipment to preflood
conditions.

The chronology of principal events bearing on the
development and progress of the work associated with the
Supplemental Pumping gtation is shown graphically on

Figure 31. The construction costs are summarized as follows:

Contract Cost

Div. X Outfiall Chamber No. 3
and New Diversion Chamber § 81,467.00

Modification of South

Junction Chamber 24,900.00
$106,367.00
pivs. XII Sluice Gate Chamber at
and XIII Primary Tanks 12,800.00
Mech. & elec. work 145,100.00
P.S. & Diver. Structure 317,400.00
Bulk. in Pramary Tanks 7.495.00
$482,795.00
Electrical Substation (original
Contract) 10,470.00
Subtotal - Structures and
Appurtenances Cost $§599,632.00

Supplemental Pumping
Station, I'urnishing (original

Pumping Eguipment Contract) 149,900.00
Electrical controls 2,139.30

Subtotal - Furnishing Pumping
Equipment Cost $152,039.30
Total Construction Cost $751,671.30
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The total cost for pumping equipment is $152,0392.30 and
the cost of the Supplemental Pumping Station and
appurtenant structures is $599,632.00, including the cost
of the Virginia Electric and Power Company work on the
electrical substation. The total of all construction
costs associated with the Supplemental Pumping Station

and Appurtenances is $751,671.30.

Summar
The total cost of the Supplemental Pumping Station
and appurtenant work has been defrayed in part by
Pesearch and Development Grants anrd in part by local funds.

The allocation of costs is as follews:

Const. R &D
Grant ~  Grant Total
Engineering 36,095. 34 1,576.61 37,671.95
Construction 454,532.00 297,139.30 751,671.30
Operation - 99,734.92 99,734.923
Mdministration - 6,475.78 €,479.78
Total $490,627.34 $2404,930.62 $895,557.96
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SECTION VI

THE OPERATIOUS

A. Operation Phase

The Supplemental Pumping Station was tested on February
3, 1972, for a pericd of 7 hours. On February 9, 1972, the
station began full-time operation at 9:10 A.M. The first
full day of operation was February 10, 1272, and the station
continued to operate until the flood caused a shutdown at
12:00 P.M. on June 22, 1972. The station was restarted at
11:30 P.M. on July 3, 1972.

Another flood recuireé the station to be shut down from
6:00 A.M. Octcber 6, 1972, to approximately 8:00 P.M.
October 9, 1972.

The Supplemental Pumpinrg Station was shut down on
January 21, 1973, and the Main Pumping Station was restored
to service.

At the time of the initial start-up of the Supplemental
Pumping Station, it was anticipated that the connection to
the New Crit Chamber cculd be made during the month of June,
1972. The flood of June, 1972, damaged motors, controls
and othev equipment in the Supplemental Pumping Station and
the .ransformers at the VEPCO substation. The two 500-horse-
power motors were removed with a crane through a hole cut in
the roof of the station and sent to the General Electric
gervice facility in Richmond. One of the motors was returned
and remounted on July 3, 1972. This installation was used

to purp and chlorinate a portion of the sewage flcw. The
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second motor was returned and installed on July 4. The
station was operated manually, since the automatic controls
were still damaged. The transformers in the VEPCO substation
were also repaired by the local General Electric service
facility.

By Augusti, 1972, repairs on flood damage to the new
grit tanks had progressed sufficiently to expect that con-
nection could be made at the beginning of October. The
flood in October or.ce again flooded the grit tanks and
caused damage. The Supplemental Pumping Station had keen
stripped of readily removable equipment and requireé only
that it ke pumped out and washed docwn before the electrical
equipment could be reinstalled.

Repairs to the grit tanks were essentially completed
in lHovember and connection was scheduled for Decemrber.
During Deceirber, 1972, and January, 1973, repeated atter.t-r
were made to reactivate the Main Pumping Station with ke
new grit tanks on line. Operational problers were a‘ t~_iLuted
to the flooding of equipment and to the long period --1;inc
which the eguiprent rcmained idle. The problems werc
finally resolved and the Supplemental Pumping Station was

secured on January 21, 1973.

B. Operation and Maintenance

Staff
The staff required for the operation and mwaintenance

of the Suppiemental Pumping Station has keen drawn from
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the personnel regularly employed at the Wastewater Treatment
Plant. Overall daily supervision was provided by the plant
superintendent and this required approximately ten percent
of his time. Five shift supervisors provided immediate
supervision of operating personnel and this required ten
percent of their total time. The total of eight shift
operators spent approximately 100 per cent of their time
attending the equipment. These eight operators comprised
four gas engine operators and four gas engine attendants.
These men were normally employed in the Main Pumping Station

and are familiar with large pumping equipment and drives.

Control System

The Supplemental Pumping Station operated in response
to an increase or decrease in the wet well level. The
primary control sensor for automatic pump operation was an
air bubbler tube suspended in the wet well. The pressure
changes on the bubbler system caused by fluctuations in the
sewage level in the wet well were converted to an electric
signal which controlled pump motor speed and pumping sequence.
The "start" and “"stop" sequence of the infinitely variable
speed pump motors could be selected and the wet well eleva-
tion at which the pumps start and stop was adjustable. The

approximate elevations were as follows:

Start Stop
Lead pwn_p E1'—5.5 Ell-5l6
Second pump El.-4.75 El.-4.85
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The sequence of operation used with this control

system is described as follows:

ll

When the wet well level reaches the "start"
elevation for the "lead" pump, the motor shall
start at minimum speed.

The "lead" vnit shall increase in speed as the
wet well level teads to .-ise. It shall increase
in speed to the maximum pump speed maintaining a
constant level.

When tbh: "lead" unit has reached its maxirmum
speed and the wet well level has risen to the
corresponding level for the "start" of the second
unit, the "second" pumping unit shall start. The
"lead" unit and "second" unit shall adjust to the
same speed.

The "lead" unit and "second" unit shall increase
in speed as the wet well level tends to rise.
They shall increase in speed to their maximum
pump spced with the rising level.

As the wet well level tends to drop, the "lead"
unit and "second" unit shall decrease in speed
until their total capacity is less than the
capacity of the "lead" unit running at maximum
speed. The "lead" unit shall immediately in-~
crease in speed so its capacity equals the total

before the "second" unit stopped.
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6. As the wet well level tends to drop, the "lead"
unit shall decrease in speed to maintain a con-
stant level until its capacity is that of the
unit running at minimum speed. At this time the

“Jead" unit shall stop.

The characteristic curves of the two pumping units

installed in the Supplemantal Pumping Station are presented

as Figure 32.

C. Data Collected

Data collected on a regular basis during operation of
the Supplemental Pumping Station include: James River
water quality data, pumping unit suction and discharge
pressure, »umping unit rotational speed, operating logs,

a dij.ary maintained by the resident engineer at the treat-
ment plant, and the treatment plant operating records.

The river water qgualiiy data is based on weekly samples
taken by the Richmond Department of Publac Utilities at six
stations on the James River. Samples arc analyzed for
terpcracure, pH, dissolved oxygen, 5-day BOD, total bacteria
and coliforms.

Pumping unit suction and discharge pressure and rota-
tional speed were recorded on 24-hour recording charts.

Cach unit has, therefore, three separate operational charts

for each 24-hour period.
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Operating logs were maintained by the treatment plant
personnel on a 24-hour basis. The information regularly
recorded on these logs was:

Wet well level
Pump hour meters

Watt hour meters
Suction and discharge pressure

In addition, operator's comments were recorded.
The resident engineer's diary provides a record of con-
struction and operation sequences and describes activities

and problems encountered during the project.

D. TCvaluation of Data

The available data on pump speed, suction and discharge
head and the pump characteristic curves can be used to
estimate the amount of sewage handled by the Supplemental
Pumping Station. The development of the complete pumping
record from their data would involve extensive data logging
and computations. 7he treatment plant records, theretore,
have been studied to establish an alternate record of pumpage.
The treatment plant flow record is obtained from an effluent
weir. Comparison of the flow data from the two sources for
selected periods of operation indicate good correlation.

The flow data reported herein, therefore, is that obtained
from the effluent weir at the treatment plant. An estimated
curve showing comparison of the two sources of flow Z2ata is

included as Figure 33.
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PLANT EFFLUENT WEIR

FLOW — MGD
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Noto:
Supplemental Pumping Station tiow values
were computed from chart records.
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Complete flow records are available for the period
beginning with the start-up of the Supplemental Pumping
Station and ending with the facilities shutdown caused by
flooding. A record of daily flow averages for that period
is presented on Figure 34. During this period of record,
the maximum Qaily average flow was 61.3 mgd on February 20,
1972. The minimum daily average flow of 36.6 mgd was handled
on May 3, 1972. The estimated average daily flow handled
by the Supplemental Pumping Station during the period when
the veir was out of service was 42.6 mgd, based on the
previous 418 days of plant operation.

The monthly averages of flow received and pumped for
the period covering the operation of the Supplenrmental
Pumping Station and nine months previous are shown in Table
1. These figures are presented to indicate the periods for
which flows had to be estimated.

The total flow pumped prior to ¢ 1 after the £loods
is 13,125 mg.

The estimated amount bypassed due to the floods is
680 mg, which is approximately 4.5 percent of the total

flow tributary to the treatment plant during the project.
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TABLE 1
RICHMOND, VIRGINIA

MONTHLY FLOW SUMMARY

NUMBER AVERAGE MAIN P.S. SUP.T.S.

OF FLOW “LOW FLOW DIFFERENCE TOTAL FLOW
MONTH DAYS MGD MG MG MG MG
1971 { May 31 41.183 1,280 1,280
( June 30 46.132 1,380 1,380
PRIOR TO ( July 31 37.714 1,170 1,170
OPERATION ( Aug. 3] 40.672 1,260 1,260
( Sept. 30 40.638 1,220 1,220
( Oct. 31 46.932 1,450 1,450
( Nov. 30 39.017 1,170 1,170
( Dec. 31 35.204 1,090 1,090
1972 (Jan. _ _ _ 31 _ _39.703_ _ _L230 _ | _ . _ o 1,230_ _
Feb. (*1) 29 49,822 390 1,050 1,440
March 31 44.497 1,380 1,380
April 30 43.3¢20 1,300 1,300
May 31 46.406 1,440 1,440
June (*2) 30 47.958 1,000 390 1,390
July (*2) 31 42.6 1,180 140 1,320
Aug. 31 42.6 1,320 1,320
Sept. 30 42.6 1,280 1,280
Oct. (*3) 31 42,6 1,170 150 1,320
Nov. 30 42.6 1,280 1,280
Dec. 31 42 .6 660 660 1,320
1973 Jan.(*4) 31 42.6 65 65 . 130
TOTALS DURING OPERATION
OF THE PUMPING STATION:eeescsesccssosoeasss 1,115 13,125 680 14,920

(*1)
(*2)
(*3)
(*4)

Supplemental P. S. began operations at 9:00 A. M., Tebruary 9.

Flood - S.P.S. out of operation 10 days and 23 1/2 hours between June 22 and
Flood -~ S.P.S. nut of operaticn 3 days and 14 hours between October 6 and 9.
Through January 3, when the Supplemental Station was put on standby.

July 3.



SECTION VII

DISCUSSION

A. General

The purpose of »roviding a Supplemental Pumping Station
was to protect the water quality of the James River. Avail-
able water quality cata is based or weekly samples taken
by the Riclmond Department of Public vUtilities. The
sampling points along tlie river are shown on Figure 35.
River sampling data ave summarized in Tebles 2 and 3 for a
period of record preceding operation of the Supplemental
Pumping Station ~nd for the period of operation, respectively.

A comparison of maximum and minimum concentraticns of
dissolved oxygen and BODg in the river by months is pre-
sented as Figures 36 and 37, respectively. These data
indicate that dissolved oxygen levels were maintained at or
above those for the period of recoré for stations down-
stream of the Wastewater Treatment Plant. Likewise, the
concentration of 5-day biochemicazl oxygen demand during the
period of operation is lower than that during the period of
record downstream of the plant.

A record of the loadings on the Wastew.:ter Treatment
Plant is presented in Table 4. This takle covers not or'y
the period of operation of the Supplemental Pumping Station,
but the nine-month period immediately preceding. The tabu-

lation shows that during that nine-month period, the Waste-
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TABLE 2
RICHMOND, VIRGINIA

River Sampling Data
July, 1963-June, 1969

Station 2 Station 3 Station 4 Station 5 Statiocn 6
BOD to BOD DO BOD DO BOD DO BOD

Month L) Sat mg/f % Sat mg/f $ Sat mg/f % Sat mg/f % Sat mg/f
Jan. 99 3.2 99 3.5 98 4.7 97 4.8 96 5.1
Feb. 97 2.5 90 3.6 99 4.9 99 4,1 98 3.7
March 96 2.5 97 2.5 99 3.5 98 3.6 97 3.6
April 96 3.1 93 3.7 89 3.7 84 3.9 83 4.3
May 93 2.7 91 2.9 83 4.3 75 4.4 75 3.9
June 94 1.9 84 3.4 62 4.6 54 4.2 51 4.0
July 91 2.2 €3 3.5 32 5.3 22 5.6 27 6.1
Aug, 89 2.6 65 3.7 27 6.6 18 6.4 27 8.1
Sept. 87 2.1 65 3.5 19 8.2 14 7.2 15 7.5
Oct. 91 2.3 87 3.5 59 5.7 61 5.4 56 5.5
Nov. 96 2.5 92 3.4 76 6.9 60 6.0 6l 4.8
Dec. 97 2.3 98 3.6 97 5.2 96 5.4 93 5.2

Aver. 94 2.5 86 3.4 70 5.3 65 5.1 65 5.2

PR S il

4 on e Twomevan
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TABLE 3
RICHMOND, VIRGINIA

River Sampling Data
Fcbruary, 1972- December, 1972

Station 2 Station 3 Station 4 Station 5 Station 6

BOD BOD BOD BCD DO BUD

Month % Sat ng/i % Sat mg/i Sat mg/i % Sat mg/i % Sat ng/i
Feb. 56 1.8 97 1.3 94 1.9 94 1.9 95 3.1
March 93 1.7 97 0.4 98 2.0 93 2.1 98 0.9
April 69 1.3 87 1.7 90 2.3 24 2.8 94 2.0
May 78 1.2 88 2.1 90 2.2 92 3.0 89 2.2
June - - - - - - - - - -
July 75 3.2 100 1.0 100 3.0 92 2.4 88 3.4
Aug. 73 5.7 28 1.7 95 0.2 28 2.0 94 2.4
Sept. 76 3.7 97 4.8 80 4.6 74 4.1 80 3.2
Oct. 88 5.1 71 2.7 96 1.0 9l 2.6 81 6.6
Nov. 78 1.2 84 1.6 83 1.0 83 2.4 83 2.6
Dec. 58 1.4 85 0.9 88 1.1 91 1.0 85 1.4

Aver. 74 2.6 90 1.8 91 2.0 89 2.4 89 2.8
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TABLE 4

RTYCHMO'D, VIRGINIA

TREATMINT PLANT LOADINGS

Suspended Solids S-Day BOD Suspended Solids load BOD5 Load
Average-mg/1l Average-mg/1 1000 lbs/day 1000 lbs/mo 1000 lbs/day 100C lbs/mo
Influent Effluent Influent Ef{fluent Inf. Eff. Inf. Lff. Inf. Eff. Inf. Eff.

Month Flow=-MGD
Ave. !Max. Min.

T

L T,

Py e

g,

€6

Flow based on average of the previous 418 days

‘1971 May 41.18 56.24 28.24 161 80 154 a5 55.3 27.5 1713 852 52.5 32.6 1635 1010
June 46.13 61.06 37.76 141 72 101 70 54.3 27.7 1630 831 8.8 27.0 1164 810
July 37.71 44.G0 23.16 136 67 137 97 42.7 21.1 1323 G54 43.0 30.5 1331 944
Aug- 40.67 48.70 35.08 154 76 129 100 52.2 25.8 1620 800 43.8 33.9 1357 1¢S0
Sept. 40.64 47.18 27.52 146 76 144 113 49.5 25.8 1485 774 48.8 38.3 1464 1150
Oct. 46.93 59.4¢6 27.€8 136 80 104 83 53.2 31.3 1650 971 40.7 32.5 1260 1007
Fov. 39.0 49.00 23.76 140 79 116 87 45.6 25.7 138 71 37.7 28.3 1130 849
Dec. 35.20 47.80 25.38 154 84 124 96 45.2 24.7 1400 765 36.4 28.1 1129 871
1972 Jan. 39.70 46.30 28.40 144 88 140 118 42.6 29.1 1477 902 6.3 39.0 1435 1209
Ave. 40.C0 146 78 128 95 49.5 26.5 1518 813 43.1 32.2 1323 289
Feb. 49.32 61.32 32.40 122 87 102 109 50.7 36.2 1470 1050 42.4 45.3 1229 1312
Mar. 44.50 57.50 39.14 128 72 117 96 47.5 26.8 1471 831 43.4 35.6 1345 1103
Apr. 43.39 55.36 38.80 150 81 ) 149 100 54.3 29.3 1630 879 53.9 36.2 1618 1086
May 46.40 58.80 36.60 131 72 135 103 50.6 27.9 1570 865 52.2 39.9 1619 1238
June1)49.96 60.50 40.24 133 65 130 91 53.2 26.0 1118 546  52.0 36-4 1091 764
JulyQ)2.60 - - 162 72 198 131 57.6 25.6 1210 537  70.6 46.5 1482 976
Aug. 42.6* - 135 66 150 109 48.0 23.4 1488 725 53.3 38.7 1651 1200
Sept. 42.6* - 144 74 215 162 51.2 26.3 1536 79¢ 76.5 57.5 2290 1726
Oct(2)42.6¢ « - 115 71 159 112 40.9 25.2 1105 6380 56.5 39.8 1525 1075
Nov. 42.6% - - 125 73 140 104 44.4 25,9 1332 777 49,7 37.0 1490 1110
Dec. 42.6* - - 101 61 116 83 35.9 21.7 1112 672 41 2 29.5 1275 915
Ave. 44.33 ) 131 72 146 109 48.6 26.8 1367 759 53.8 40.2 1510 1137

(1) Figures do not include estimated loadings during the flood of June 23 - July 4

{2) Figures do not include estimated lcadings during the flood of October 6-9

*
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wvater Treatment Plant received an averagce monthly flow of
40.80 med, 1,518,000 pounds of suspended solids monthly
and 1,323,300 pounds of BODg monthly. During the operation
of the Supplemental Pumpirg Station, and not including the
periods of shutdown causcd by flooding, the plant received
an avcrage monthly flow of 44.33 med, 1,367,009 pounds of
suspended solids monthly and 1,510,700 pounds of BODg monthly.

The effluent for the nine months prior to operation of
the Supplemental Pumping 3tation average 813,700 pounds per
month of suspended solids and 989,000 pounds of BODg per
month. During operation, not including shutdowns, the ef-
fluent averaged 759,000 pounds of susrended solids per rmonth
and 1,127,200 pounds of BOD; per month. The influent and
efflu.at loadings of flow handled by the treatment plant are
shown on Figure 28 (Suspended Solids) and Figure 39 (BODS).

Prior to the operation of the Supplemental Purping Sta-
tion, the Wastewater Treatment Plant removed approximately
46 percent of the suspended solids and 25 percent of the
BODg. During operation of the Supplenental Pumping Station,
the plant removed approximately 45 percent of the suspended
solids and 25 percent of the BODS, vhich indicates the plant
continued to function at the gsame level of efficiency.

The floods which caused shutdowns of the Supplemental
Pumping Station allowed the following estimated suspended

solids and BOD lcads to cnter the river:
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Est. Load-1000's of Lks.
fLuspended

Flood Solids BODg
June-July, 1972 1,000 1,107
October, 1972 164 226

Total 1,164 1,333

The operation of the Supplementa: rumping Station re-
duced the load on the James River, over the entire period
of operation, a total of 6,630,000 pounds of suspended solids
and 4,110,000 pounds of BODg.

The James River flows, average, maximum and minimum, are
tabulated for the period January, 1958 through December, 1972
and are shown in Table 5. The average monthly flows for 1972,
based on preliminary data from the Virginia State Watexr Con-

trol Board are as follows:

Average Monthly Flow

Month (CFS)
January 6,180
February 18,295
March ' 10,180
April 9,492
May 13,036
June 30,906
July 11,302
August 7,859
September 2,486

95



_ g
(T
| _ 4°
5 g
Ow -
ﬂ i R
o
g
|5 g
2 2
I\/ 1z
2 .
/ (]
B
O o
e ~
o
[ -]
-}
g
]
_
g
N S B 20 N B N 3
S 4 3 S e 4 b ° o
AVQ /4,000l avo SQIT0S Q3AAN3ISNS

JOVH3AV  ATHLNOW

-

LY

MONTH

e Theyae = Ruar

ot s T e s e SRl e WV S @ o AR R




PO

W TR a4

o v vende Jaggun T

mprataid R A Cm ey w

\i-E‘;.h__,v-"q.lnqu\,v A x, ey

TR S Tl e e

Flood
Juno 21 to July 4

NN

l ; | 1 | l

«wfvﬁﬁ

Flood
0ct. 6 to Oct. 9

Mar. Apr. ey Jund July
1972

&y, Sopf. Ost

Nov. Oce.

MONTH

WASTEWATER

FIGURE 38 -

TREATMENT PLANT

INFLUENT AND EFFLUERT LOADINGS

SUSPENDED

97

SOLIDS



-]
Y
w - B
J
&
x g
—
=
S
3 | .
Ep = -
“
\ 518
Y, ~ =
-1 o
-1
- 4
z
3
\ -——
/%
“
% §
g
| | | | | | | ]
8 & ¢ 8 ¢ 8 88 e o
AVQ/ 000! uv071 008 AVA-G
J9VH3AV  ATHLNOW

[ R P A




Flood
Juna 21 to July 4

Flood 9
SAN Oct. 6 to Oct.
AN NN
P ooy MY
N\
t“:__r_‘_ I, s

Mar. Apr. tSoy June July Aug. Sopt.  Oct. Nov. Doc.
1872

MONTH

FISURE 39

WASTEWATER TREATMENT PLANT
INFLUENT AND EFFLUENT LOADINGS
BIOCHEMICAL OXYGEN DEMAND

99



TABLE 5
RICHMOND, VIRGINIA

James River Flow
January, 1958 through December, 1972

Average Minimum Maximum Range:

Monthly Monthly Mon:hly Max. Minus
Month Flow=CFS Flow-CF¥S Flow-CFS Min. - CFS
Jan. 7.301 2,903 22,803 19,900
Feb. 10,511 2,957 28,672 25,715
Mar. 12,383 5,117 40,145 35,028
Apr. 9,490 4,466 25,323 20,857
May 7,159 2,887 18,905 16,018
June 5,752 1,184 30,906 29,722
July 2,402 648 11,302 10,654
Aug. 3,413 405 21,710 21,305
Sept. 1,416 202 4,860 4,758
Oct. 4,171 330 18,700 18,370
Nov. 4,507 1,084 19,710 18,626
Dec. 6,455 2,029 20,132 18,103
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October 18,700
November 19,710
December 20,132

Comparison of the l4-year average in Table 5 with the above
figures for 1972 shows that all months in 1972, except
January and March, were greater than the average, most being
significantly greater.

The combination of higher than normal river flows and
continuation of normal treatment processes resulted in an
improved water guality of the James River, even with load-

ings occasioned by the two floods during the project.

B. The Design

The provision of a steel sheeted structure for the
Supplemental Pumping Station proved to be a practical
method of construction. Steel sheeting was driven to rock
and area inside the sheeting was excavated while the walers
werce being driven down. Difficulty was experienced in
placing the lower walers because the sheeting had drifted
in toward the center. Another method of construction which
might have lessened the difficulties would be one in which
the sheeting and walers were driven together and in which
the excavation proceeded with the driving. The construction
could then proceed by the sequence of driving, excavating,

and placing walers.
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While the ground water conditions encountered
at the Treatment Plant site are relatively high, it
was not necessary to weld the joints of the steel sheeting,
however leakage proved objectionable in the steel sheeting
separating the wet well and dry well. The Contractor
welded the seams of this separation wall between El. =2.5
and El. 6.0. After the June, 1972 flood, the City, under
their Annual Welding Contract, completed welding the joints
in this separation wall to ground level. Unfortunately,
this additional welding work was not completed prior to the
October, 1972 flood and consequently, the dry well again
flooded. Construction of this type has also indicated
the need for a sump pump of greater capacity than that
which would be normally provided.

The variable specd control of the pumps appeared to
be a good system, but not without difficulties. The system
reguired a time delay circuit to allow the lea@ and lag
pumps to change speeds more smoothly, and adjustments
proved very difficult except under low flow conditions.

At low speeds the pump controls tended to "hunt" over a
20-30 rpm range.

The air hose to the bubbler control tube was not
strong enough and ruptured after about one month of
operation.

The pumps and motors operated satisfactorily throughout

the project and appeared to be suitable for this type of service.
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The electrical system was revised to eliminate the
danger from 50 feet of 2400 volt conduit inside the struc-
ture ahead of the breaker. The transformers at the sub-
station had trouble with overheating and plugging of the vents
in the 0il system.

The bar screen platform in the wet well had openings
in the north and scuth ends which allowed large objects to
get into the pumps during high flow periods. The apparent
solution, which was undertaken, was to provide a "screen"
at these cpenings.

The temporary bulkhead at the South Junction Chamber
was a successful design. The bulkheading of a chamber
which was not originally designed for the loads appears
feasible. The novelty of this bulkhead is also apparent
in that it can be installed, operated and removed. Should
plant operations require, the bulkhead could be reinstalled.

The removable roof panels as designed are probably
acceptable for relatively continuous operation, but are
ot suitable for emergency equipment removal. For emergency
equipment removal, the panels should be designed to be

readily removable.

C. The Construction

Due to the restricted area, the Contractor elected to
drive the sheet piling for the Supplemental Pumping Station
without excavating. This method was successful, but did

prove to be time-consumming. The elevation of rock was
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found to be lower than estimated and this caused some
problems since the Contractor had ordered sheeting in
"exact" lengths. Additional sheeting had to be ordered
and welded on to the driven sheeting.

The method of driving without excavation probably
contributed to the sheeting drift toward the center and
caused difficulty in setting the bottom waler.

The existing 72-inch sewer and concrete cradle was
found to have been built differently from the Plans. There
was a misalignment of the sewer, probably due to a ledge of
rock. The sewer was built around the rock ledge and the
concrete cradle was incomplete.

Construction was generally delayed by slow progress
on the pile driving and excavation, the availability of
corner sheeting, structural steel, control circuitry, and
rew.cking of controls.

The modifications of the South Juncrtion Chmmber proceeded
slowly ard intermittently with small crews, but was ready
to receive the bulkhead when the Pumping Station was ready
for operation. Only one day was reguired to make the
necessary modifications to the bulkhead to accommodate the
different size opening. The installation went smoothly and
the bulkhead required no further modifications.

The final completion of the new Grit Removal Facilities
was delayed twice by flooding. The floods of both June

and October, 1972, occured at approximately the time when

104



construction was complete and connection was to be made.
When the grit facilities were finally brought on line,

the Supplemental Pumping Station was on standby service
and adjustments were made both at the gi1it chamber and

the Main Pumping Station. When final adjustments were
completed the temporary bulkhead was removed and the
Supplemental Pumping Station ceactivated. The Supplemental
Pumping Station can be reactivated should conditions at

the Wastewater Treatment Plant require.

D. Operations

The operation of the Supplemental Pumping Station
cdemonstrated that a constant wet well level was very
difficult to achieve and the fluctuations caused the
lead and lag pump operation to be generally troublesome.
Manual adjustment and operation of the station were often
required. If a pump were shut off without bringing down
the speed, the sewage in the discharge line would rush
back and quickly raise the wet well.

Cleaning of the bar screen was difficult because of
the large fluctuations in the wet well and especially
difficult during periods of high flows when the sidewalk
platform was submerged. During flood conditions, the
bar screen became clogged with debris and caused the
pumps to "hunt" for an operating range, caused debris to

flow over the platform and down through the openings.
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The pump control electrolyte reservoir level required
regular attention and when the level became too low, the
pump speeds would vary erratically over a range of 40-50 rpm.
Also, it was necessary to enclose the electrolyte controls
to protect them from freezing during cold weather periods.

The operation nf the temporary bulkhead in the South
Juncticn Chamber demonstrates that with careful preparation,
design and fabrication a device can be provided which can
divert flow without shutdcwn. Provision of such a device
should also consider the greater expense required to
insure a workable solution.

The Supplemental Pumping Station was a generally
reliable facility, despite operational r.oblems associated
with full automatic operation. Adjustments of the station
controls proved difficult under "on-line" conditions and
the system was often operated manually. The speed of
construction, closely followed by operation probably
did not allow an adequate period of training ard orientation
for the operating personnel. Consecuently, problems did
develop due to inappropriate action or faultly adjustments.

The Supplemental Pumping Station is now expected to
remain available for standby service. During the near
future, repairs to flood damage will be made and the station
restored to pre~flood condition with modifications to the
superstructure roof. The present plan is to operate the

station weekly to insure its continued reliability.
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1l.

City

City

City

City

City

City

City

City

City

City

SECTION VIII

REFERENCES

of Richmond, Virginia. Agreement between City
and Virginia Electric and Power Company., dated
March 22, 1971, to construct Supplemental- Pumping
Station Electrical Substataion.

of Richmond, Virginia. Division X - Grit Removal
Facilities. Change Order No. 7, dated April

17, 1970; Change Order No. 9, dated October 10,
1970.

of Richmond, Virginia. Divisions XII and XIII -
Secondary Treatment Facilities - Phase 3. Change
Order No. 2, dated September 2, 1970; Change Orders
Nos. 3 and 4, dated October 10, 1970; Change Order
No. 5, dated October 21, 1970.

of Richmond, Virginia. Supplemental Pumping
Station - Furnishing Pumping Equipment. Change
Order No. 1, dated May 19, 1971.

of Richmond, Virginia. Supplemental Pumping
Station. Daily Operating Records and Operators'
Logs.

of Richmond, Virginia. Supplemental Pumping
Station. Operating Charts for Discharge Pressure -
Pumping Unit No. 1l.

of Richmond, Virginia. Supplemental Pumping
Station. Operating Charts for Discharge Pressure =
Pumping Unit No. 2.

of Richmond, Virginia. Supplemental Pumping
Station. Operating Charts - RPM - Pumping
Unit No. 1.

of Richmond, Virginia. Supplemental Pumping
Station. Operating Charts - RPM - Pumping
Unit No. 2.

of Richmond, Virginia. Supplemental Pumping
Station. Operating Charts ~ Suction Pressure -
Pumping Unit No. 1.

of Richmond, Virginia. Supplemental Pumping

Station. Operating Charts =- Suction Pressure -
Pumping Unit No. 2.
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12.

13.

14.

15.

le.

17.

City of Richmond, Virginia. Wastewater Treatment Plant.

Daily Operating Records.

City of Richmond, Virginia. %eekly James Raver Analysis

Report. (Lix sampling points in James River)

Greeley and Hancen, Engineers, Chicago, Illinois.
Plans arnd Specifications dated April, 1970,
entitled "Supplemental Pumping Station -
Furnishing Pumping Equipment."

Greeley and Hansen, Cnaineers, Chicago, Illinois.
Plans and Specifications dated August, 1970,
entitled "Supplemcatal Pumping Station and
Appurtenances - Structures."”

Jordan, C. L., Resident Construction Engineer.
Notes on Construction and Operation of the
Supplemental Pumping Station.

U. S. Department of Commerce, National Oceanic and

Atmospheric Administration, Environmental Data

Service. Climatological Data for Byrd FielAqd
Station, Richmond, Virginia.
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