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SUMMARY . . 

Thiq predesign study was i n i t i a t e d  t o  determine available 

I options t o  control overflows a t  the .North Beach Pump Station. 
The study had the following goals: 

I 
o Update estimates of existing overflows, s ta t ion  

capacity, and system hydraulics, using recently acquired 
f i e l d  data. 

o ,Develop and evaluate potent ial  f a c i l i t y  improvements t o  
reduce the  frequency of overflows t o  one per year. 

o Investigate potent ial  phasing of the  recommended 
improvements and explore interim measures t o  
substant ia l ly  reduce the frequency and volume of 
overflows i n  the near term. 

o Recommend a course of action. 

A hydrologic model was used t o  simulate basin conditions, 
using flow and level monitoring data collected between 1989 
and 1992. The purpose of the modeling e f f o r t  was t o  
es tabl i sh  the current frequency and volume of overflows and 
t o  assess khe effectiveness of potent ial  f a c i l i t y  
improvements. The estimated frequency of overflows a t  the 
s ta t ion  i s  18 events per year. The estimated annual volume 
of overflows i s  1.9 million gallons (MG). 

Staff a l so  performed pump t e s t s  t o  verify the  exis t ing 
s t a t ion ' s  pumping capacity. The maximum capacity of the 
s ta t ion  i s  3 . 4  million gallons per day (rngd) , f a r  l e s s  than 
the or iginal  s ta t ion  design of 4.2 mgd. The one-year peak 
inflow t o  the s ta t ion  i s  estimated a t  6 .8  mgd. 

Engineering analysis of the existing pump s ta t ion  and 
transmission system ident i f ied three major constraints t h a t  
l i m i t  the  options t o  reduce overflows by upgrading the 
s t a t ion ' s  pumping capacity. These constraints include the  
design and condition of the North Beach force main, the 
piping configuration a t  the downstream portion of the force 
fiain, and the physical design of the exis t ing pump s ta t ion .  

System assessment revealed tha t  energy losses due t o  f r i c t i o n  
in  the force main are  the primary cause of the s t a t ion ' s  
current reduced capacity. Potential  energy losses in  the  
force main a lso  l i m i t  the upgrade options. I f  the  s ta t ion  
were upgraded without reducing energy losses in  the  force 
main through modifications such as  replacing a portion o f . t h e  
main, unacceptably high working pressures would be required. 



This working condition, coupled .with potential peak surge 
pressures, would significantly increase the risk of a future 
catastrophic pipe failure. 

The piping configuration at the downstream portion of the 
force main within Carkeek Park poses additional constraints 
on any potential pump station upgrade. Two City of Seattle 
gravity sewer lines discharge directly into this portion of 
Metro's force main. The liquid level in these steeply 
sloping gravity lines fluctuates as a direct result of 
pressure in the force main. Unacceptably high liquid levels 
would .occur if Metro increased the pump station's capacity 
without replacing this portion of the force main to reduce 
pressures. 

In addition to the force main improvements, upgrading the 
station's pumping capacity will require a structural 
modification to the station.to house new electrical equipment 
necessitated by the increased horsepower. ' 

Staff conc'urs with Brown and Caldwell s 1988 recommendation 
that overflows at the North Beach station be controlled by a 
combination of improvements including constructing a storage 
basin at the site, upgrading the.pump station, and modifying 
piping in Carkeek Park. The recommended sizes- and 
configurations of such improvements were revised, however, 
based on Metro's field data and analyses,, 

Alternative combinations of improvements that would 
ultimately reduce overflows to one per year were developed 
and evaluated, assuming that the improvements would be 
implemented in two phases. This phased approach was used at 
the client's request to minimize the budgetary impacts of any 
adopted modifications. A variety of potential interim 
measures to reduce overflows were also evaluated, but were 
not recommended for implementation for various reasons. 

In Phase 1, staff recommends constructing a 140,000-gallon 
storage basin at the site of the North Beach station. Phase 
1 would reduce the frequency of overflows from 18 to 4 per 
year, and w.ould reduce 'the volume of overflows from 1.9 to 
1.0 MG per year. The estimated total cost of implementing 
Phase 1 is $1,602,400. 

In Phase 2, staff recommends upgrading the North Beach 
station capacity to 4.5 mgd, replacing 2,060 lineal feet of 
the North Beach force main within Carkeek Park, and making 
minor modifications to the City of Seattle pipelines. Phase 
2 would reduce the frequency of overflows from 4 to 1 per 
year, and would reduce the overflow volume from 1.0 to 0.2 MG 
per year. The estimated total cost of implementing Phase 2 
is $1,875,200. 



The schedule for the recommended improvements will be 
determined as part of future Combined Sewer Overflow program 
planning. The schedule for Phase 2 should include a 3-year 
period, priar to final design, for monitoring flows in the 
two City of Seattle lines that discharge to the North Beach 
force main. This will allow Metro to estimate the liquid 
levels that would occur in these lines during large storms, 
which is necessary for Phase 2 design, 



SECTION i -- BACKGROUND 

The North Beach Pump S t a t i o n  was c o n s t r u c t e d  i n  1962 on t h e  
s i te  of an e x i s t i n g  C i t y  of  S e a t t l e  pr imary sewage t r ea tmen t  
p l a n t .  P a r t s  o f  t h e  t r ea tmen t  p l a n t  s t r u c t u r e  were 
inco rpo ra t ed  i n t o  t h e  c o n s t r u c t i o n  of t h e  pump s t a t i o n .  The 
s t a t i o n  is  l o c a t e d  a t  2462 T r i t o n  Drive and is s i t u a t e d  i n  a 
r e s i d e n t i a l  neighborhood. (See F igure  1.) 

Flows from t h e  North Beach Pump S t a t i o n  go n o r t h  t o  t h e  
Carkeek Treatment P l a n t .  The Carkeek p l a n t  i s  c u r r e n t l y  
be ing  conver ted  from a primary t rea tment  p l a n t  t o  a 
stormweather t r ea tmen t  p l a n t .  A new Carkeek Pump S t a t i o n  is  
be ing  c o n s t r u c t e d  t o  t r a n s f e r  sewage flows t o  t h e  West P o i n t  
Treatment P l a n t  f o r  secondary t r ea tmen t .  

Overflows have been recorded  a t  t h e  North Beach s t a t i o n  s i n c e  
t h e  1970s.  Brown and Caldwell  Consul tan ts ,  I n c . ,  s t u d i e d  t h e  
North Beach system a s  p a r t  of t h e  F a c i l i t y  P l a n  f o r  t h e  
C a r k e e k  T r a n s f e r / C S O  F a c i l i t i e s  P r o j e c t  (December 1988) . The 
1988 r e p o r t  p re sen ted  e s t i m a t e s  of e x i s t i n g  s t a t i o n  c a p a c i t y  
and overf low frequency, and recommended improvements t o  
reduce overf lows a t  t h e  s t a t i o n  to  a f requency o f ' o n e  p e r  
yea r .  

The recommended improvements c o n s i s t e d  of upgrading t h e  pump 
s t a t i o n  t o  i n c r e a s e  i ts capac i ty ,  c o n s t r u c t i n g  a s t o r a g e  
b a s i n  a t  t h e  s t a t i o n  site,  and c o n s t r u c t i n g  a new p i p e l i n e  i n  
Carkeek P a r k  t o  r e r o u t e  flows from two C i t y  g r a v i t y  sewer 
l i n e s  t h a t  d i scha rge  d i r e c t l y  t o  Metro's  f o r c e  main. 

The 1988 s tudy  cons idered  a v a r i e t y  of  a l t e r n a t i v e  methods t o  
c o n t r o l  overf lows a t  the s t a t i o n .  Brown and Caldwell 
conducted an i n f i l t r a t i o n / i n f l o w  a n a l y s i s  f o r  the b a s i n  and 
found t h a t  1/1 c o n t r o l  would be s i g n i f i c a n t l y  more expensive 
t h a n  t h e  recommended improvements. They a l s o  cons ide red  
upgrading t h e  system t o  handle  t h e  one-year peak f low by 
p rov id ing  a h igher -capac i ty  pump s t a t i o n  and c o n s t r u c t i n g  a 
new f o r c e  main from t h e  North Beach s t a t i o n  t o  t h e  Carkeek 
p l a n t .  Th i s  a l t e r n a t i v e  was abandoned because of concerns  
about implementation i n  a s h o r e l i n e  zone. 

The recommended improvements were p r i o r i t i z e d  a l o n g  w i t h  
o t h e r  p r o j e c t s  i n  Metro 's  Combined Sewer Overflow (CSO) 
program, based on cos t - e f f ec t iveness  and environmental  
c o n s i d e r a t i o n s .  The North Beach improvements were scheduled 
f o r  delayed,  r a t h e r  t h a n  immediate, c o n s t r u c t i o n ,  





However, because the s ta t ion  is adjacent t o  a pr ivate  bathing 
beach, Metro decided t o  conduct a prgdesign study t o  
investigate interim or phased measures tha t  could reduce the 
frequency of overflows i n  the short term, while delaying some 
costs.  

After the  Brown and Caldwell study, two flowmeters were 
ins ta l led  a t  the  North Beach station., Overflow volumes 
measured in  1989 and 1990 were substantially lower than the  
predicted volumes i n  the 1988 f a c i l i t y  plan,' and Metro 
decided t o  validate the  inflow and overflow data a s  par t  of 
the predesign. I n  addition, Metro decided t o  i n s t a l l  a 
flowmeter i n  the  North Beach force main t o  allow for  more 
accurate pump tes t ing ,  

The predesign study, which was conducted by Metro's 
Engineering Services Division (ESD), had the following goals: 

o Update .Brown and Caldwell's estimates of exis t ing 
overflows,, existing s ta t ion  capacity, and'system 
hydraulics, using recently acquired f i e l d  data .  

o Develop and evaluate potential  f a c i l i t y  improvements t o  
reduce the  frequency of overflows t o  one per year, based 
on the updated information. 

o Investigate potential  phasing of the  recommended 
improvements and explore interim measures t o  
substant ia l ly  reduce the frequency and volume of 
overflows i n  the near term. 

o Recommend a course of action. 

T h i s  predesign report summarizes the r e su l t s  of Metro's 
monitoring, tes t ing,  and hydraulic analyses of the  system; 
presents a l ternat ives  for phased f a c i l i t y  improvements; and 
presents a recommended course of action. 

A variety of potent ial  interim and supplemental measures were 
a lso  evaluated as par t  of the predesign study but were not 
recommended f o r  implementation. A discussion of each of 
these measures has been included i n  the  predesign report for  
reference . 
The schedule fo r  implementing the  recommended improvements 
and reducing the  North Beach overflows t o  one per year w i l l  
be determined as  part  of future CSO program planning. 



SECTION 2 -- EXISTING SYSTEM 

T h i s  ,section describes the North 'Beach Pump Station system, 
including the s i t e ,  service area, pipelines, and equipment. 

SITE AND SERVICE AREA 

Figure 2 shows ,a plan view of the  North Beach Pump Station 
s i t e .  Figure 3 shows a section view of the s ta t ion  
s t ructure.  The s ta t ion  is below ground, wi th  access hatches 
and vent i la t ion equipment located above ground. The walls 
and foundation of the s t ructure were constructed as  par t  of 
the or ig ina l  treatment plant on the s i t e .  The western half 
of t h e  building houses a wet well w i t h  influent g r i t  
channels. The eastern half of the building houses a dry well 
pump room on the  lower level  and a motor room on the upper 
level .  Most e l e c t r i c a l  and anci l l ia ry  equipment is  located 
i n  the  motor room. 

The s t a t ion  is located on a designated scenic view drive 
through a resident ial  neighborhood. One single-family home is 
adjacent t o  the  s ta t ion  s i t e ,  on the southwest s ide .  A 
private park fo r  neighborhood recreational u s e . i s  located on 
the s t a t ion ' s  north s ide.  A s t r e e t  runs along the  s t a t ion ' s  
southeast s ide.  Single-family homes located across the s t r e e t  
have a view of Puget Sound over the pump s ta t ion .  The 
landscaping on the s ta t ion  s i t e  is  well maintained t o  
minimize any obstruction of views. 

The topography of the drea generally slopes t o  the  northwest 
downward t o  Puget Sound. The high areas are  east  and south 
of the  pump s ta t ion .  The area has been subjected t o  several 
continental glaciat ions.  The major geological deposits i n  
the area are  Vashon till, Esperance sand, and Lawton s i l t .  

The service area for  the North Beach Pump Station i s  
approximately 650 acres.  The collection system t r ibutary  t o  
the s t a t ion  is a separated system, operated and maintained by 
the City of Seat t le .  Pipe s izes  in  the t r ibutary  system 
range from 8 t o  30 inches i n  diameter. Metro is  responsible 
for  operating and maintaining the  pump s ta t ion  and force main 
only. 

INFLUENT PIPING AND OVERFLOW LOCATIONS 

The influent sewer t o  the station,. which i s  shown in  Figure 
2, consis ts  of 47 fee t  of 30-inch-diameter pipe and 103 fee t  
of 18-inch-diameter pipe. 





FIGURE 3. STATION CROSS SECTION 



There a re  two overflow locations on the s i t e .  The pump 
s ta t ion  wet . w e l l  has an overflow weir s e t  a t  elevation 
122.83. ~',15-inch-diameter pipe car r ies  these overflows t o  a 
16-inch-diameter out fa l l ,  which discharges in to  Puget Sound 
a t  a distance of 900 fee t  from the shoreline bulkhead. Th i s  
out fa l l ,  which is a remnant of the  orig.ina1 treatment plant 
on the s i t e , ,was  repaired and upgraded i n  the 1970s. 

Manhole (MH) No. 65, i n  the northeast corner of the s i t e ,  
has an overflow weir s e t  a t  elevation 124 .92 .  Overflows a t  
t h i s  point pass through a 30-inch-diameter storm drain t o  the 
Puget Sound shoreline. 

FORCE MAIN 

The North Beach Pump Station pumps raw sewage t o  the Carkeek 
Treatment Plant through a 14-inch-diameter, 7,490-foot-long 
force main, The force main alignment runs pa ra l l e l  t o  the  
Burlington Northern Railroad tracks for  approximately 4,700 
fee t  w i t h i n  the t i d a l  zone of Puget Sound. 

In 1989, as  par t  of the Carkeek Transfer/CSO F a c i l i t i e s  
Project, Specialty Consultants Group excavated and evaluated 
the condition of the force main a t  three locations (North 
Beach Force Main Inspection Report, Specialty Consultants 
Group, fnc., May 1989) .  The consultants determined tha t  the 
force main was in  good condition. This determination was 
based on the examination of three coupons removed from the  
pipe, Two of the coupons did not show signif icant  p i t t i n g  o r  
corrosion. The third-coupon did show deep p i t t i n g .  The 
consultant estimated a "worst casew corrosion rate ,  based on 
the deep p i t t i n g  in  the  th i rd  coupon. I f  t h i s  corrosion r a t e  
were t o  continue, the remaining pipe wall of the force main 
would be penetrated a t  the p i t  location in  32 years. I f  
graphitization slowed the corrosion rate ,  as typical ly  
happens, the time-to-failure a t  the. p i t  would be considerably 
greater than 32 years. 

The force main was constructed i n  1962. The specifications 
for the  force main contract cal led for  bituminous-coated, 
cement-mortar-lined cast  iron pipe. The 1989 evaluation 
found t h a t  the cast  iron pipe was coated internal ly  wi th  
cement mortar but did not have any exter ior  coating. 

Most of the force main (7,094 f e e t )  was ins ta l led  under t h e  
force main contract .  The portions of the force main within 
the boundaries of the North Beach Pump Station s i t e  and the 
Carkeek Treatment Plant s i t e  were constructed separately, 
under the contracts f o r  those two f a c i l i t i e s .  The discharge 
s t ructure on the Carkeek s i t e  is  currently being relocated as  
part  of the Carkeek Transfer/CSO F a c i l i t i e s  Project .  About 



70 f e e t  o f  e x i s t i n g  p i p e  i s  be ing  removed and r ep l aced  wi th  
165 f e e t  o f  new f o r c e  main. 

GRAVITY LINE CONNECTIONS 

Two a c t i v e  C i t y  of  S e a t t l e  g r a v i t y  sewers connect  d i r e c t l y  t o  
t h e  North Beach f o r c e  main w i t h i n  Carkeek Park.  These 
p i p e l i n e s  are shown i n  F igures  4 and 5 ,  

One o f  t h e  a c t i v e  g r a v i t y  l i n e s ,  which is  shown i n  F igu re  4 
and is r e f e r r e d  t o  a s  t h e  "NW 117th S t r e e t  l i n e , "  connec ts  t o  
t h e  f o r c e  main about 650 f e e t  w e s t  o f , t h e  Carkeek Treatment 
P l a n t  s i te .  The tee from t h i s  8-inch-diameter l i n e  t o  t h e  
f o r c e  main is enclosed i n  a manhole s t r u c t u r e  ( C i t y  MH N o .  
156 ) .  T h i s  l i n e  was cons t ruc t ed  i n  1964 and c u r r e n t l y  s e r v e s  
28 houses .  

The o t h e r  a c t i v e  l i n e ,  which i s  shown i n  ~ i g u r e  5 and i s  
r e f e r r e - d  t o  as t h e  nWoodbine Way l i n e , "  connects  t o  t h e  North 
Beach force main with  an underground tee about  5,700 feet 
west of t h e  p l a n t  si te.  The b a s i n  s e rved  by t h i s  12-inch- 
d iameter  . l i n e  was sewered i n  1930. The f o r c e  main connec t ion  
was c o n s t r u c t e d  i n  1968. 

Another C i t y  g r a v i t y  sewer connec ts  t o  t h e  North Beach force 
main a l o n g  t h e  sho re l ine ,  3,850 f e e t  downstream of t h e  North 
Beach Pump S t a t i o n .  This  10-inch-diameter l i n e ,  which is  
shown i n  F igu re  5, d a t e s  t o  1930. Much of its s e r v i c e  a r e a  
was r e r o u t e d  t o  t h e  Woodbine Way l i n e  i n  1968, b u t  t h r e e  
houses remained connected u n t i l  1989. Flow from t h e s e  houses  
was r e r o u t e d  i n  1989 and t h e  l i n e  was abandoned, bu t  t h e  tee 
from t h i s  l i n e  t o  Metro 's  f o r c e  main was n o t  plugged. 

I n  t h e  o r i g i n a l  (1930) system, raw sewage from t h e  Woodbine 
Way l i n e ' s  s e r v i c e  a r e a  flowed westward and was d i scha rged  t o  
Puget Sound v i a  two o u t f a l l s .  By connec t ing  t o  Metro's  f o r c e  
main, t h e  C i t y  was a b l e  t o  r o u t e  t h e s e  flows eas tward  t o  
Metroes Carkeek p l a n t .  The f o r c e  main s l o p e s  upward toward 
t h e  p l a n t ,  and t h e  flow from t h e  C i t y ' s  l i n e s  i s  c a r r i e d  
u p h i l l  t o  t h e  p l a n t  by t h e  pumped sewage from t h e  North Beach 
s t a t i o n .  

C i t y  of S e a t t l e  staff r e p o r t e d  that prior t o  1986, t h e  
Woodbine Way l i n e  exper ienced  overf lows a t  MH No. 002, u p h i l l  
from t h e  tee. The C i t y  had d i f f i c u l t y  keeping t h e  manhole 
s ea l ed ,  because of t h e  upward p r e s s u r e  on t h e  l i d .  I n  1986, 
t h e  C i t y  completed a stormwater s e p a r a t i o n  p r o j e c t  i n  t h e  
Woodbine Way b a s i n .  No problems have been r e p o r t e d  s i n c e  
t h e n .  





FIGURE 5. WOODBINE WAY GRAVITY SEWER 



City s t a f f  a l so  reported overflows in  the 1970s a t  two , 

manholes uphi l l  from the t e e  on the NW 117th Street  l i n e .  
According t o  City s t a f f ,  these manholes (No. 155 and 154) 
were sealed for  some time a f t e r  the overflows. The manholes 
are  no longer sealed, however, and no problems have been 
reported recently . 
I n  the 1988 f a c i l i t y  plan, Brown and Caldwell noted t h a t  the 
flows from the  Woodbine Way l ine  could have a s ignif icant  
impact on North Beach system hydraulics, reducing the output 
of the North Beach Pump Station during periods of peak flow. 
(The flow from the NW 117th Street  l ine  was considered 
ins igni f icant . )  

PUMP STATION MECHANICAS EQUIPMENT 

Raw Sewage P u p a  

There.are four raw sewage pumps a t  the s ta t ion,  a l l  a re  the 
ve r t i ca l  non-clog type. Pumps 1 and 2 a re  larger than Pumps 
3 and 4 .  The four pump motors a re  mounted on the f loor  above 
the pumps and drive the pumps via open propeller shafts  w i t h  
lubricatable universal joints. The motors fo r  Pumps 1 and 2 
are  d i rec t ly  connected t o  Electr ic  Machinery eddy-current 
clutches tha t  provide variable speed drive capabili ty.  The 
motors fo r  Pumps 3 and 4 a re  constant speed without eddy- 
current clutches. Table 1 gives the nameplate data for  each 
Pump 

- 

Interviews with maintenance personnel indicate tha t  the pumps 
are  typica l ly  overhauled every 3 t o  4 years,' and the motors 
and clutches a re  overhauled every 6 t o  8 years. Pumps 1 and 
2 were l a s t  overhauled i n  December 1991.  

Ventilation 

The pump s ta t ion  wet and dry wells are vent i la ted using 
above-ground supply and exhaust fans. These fans operate 
continuously. Both the supply and exhaust fans were 
ins ta l led  during the conversion from a treatment plant t o  a 
pump s ta t ion  i n  1962. The fan assemblies a re  corroded from 
exposure t o  weather and sa l ty  ambient a i r .  These uni ts ,  
therefore, may require replacement w i t h i n  the next 5 years. 

The wet well supply fan and the wet well exhaust fan have a 
rated capacity of 3,760 cfm a t  0 inches of water guage s t a t i c  
pressure. Assuming tha t  3,760 cfm i s  the actual volume flow 
ra te  being produced by the fans, the continuous a i r  change 
ra te  is approximately 28 per hour. T h i s  a i r  change r a t e  
appears adequate, because corrosion and odor in  the  wet well 
are  minimal. 



Table 1 
Pumping Equipment Nameplate .Data 

pumps 1 and '2 

Pump 
Manufacturer 
Model 
Rated Capaci ty 
TDH @ Rated Capacity 
Speed 
Impel le r  Diameter 
Suct ion  S i z e  
Discharge S i z e  

Mot o r  
Manufacturer 
Frame S i z e  
Rat ing  
Speed 

E l e c t r i c  Clu tch  
Manufacturer 
Model 
Rat ing 
Speed 

pumps 3 and 4 

Pump 
Manufacturer 
Model 
Rated Capaci ty 
TDH @ Rated Capacity 
Speed 
Impel le r  Diameter 
Suc t ion  S i z e  
 isch charge S i z e  

Motor 
Manufacturer 
Frame S i z e  
Rat ing  
Speed . . 

Worthington 
8FLV16 
2,450 gpm 
86 f e e t  
1,145 rpm 
16 inches  
10-inch 
8-inch 

. E l e c t r i c  Machinery 
C4 4 SUP 
75 hp 
1,180 rpm 

E l e c t r i c  Machinery 
MDM- 1 8 
75 hp 
1,130 rpm 

Worthington 
5FLV16 
900 gpm 
50 f e e t  
1,170 rpm 
12-3/4 inches  
8-inch 
6-inch 

E l e c t r i c  Machinery 
32 6UP 
20 hp 
1,160 rpm 



The dry well supply fan has a rated capacity of 2,000 cfm a t  
1/8 inch of water gauge s t a t i c  pressure. The dry well 
exhaust fan has a 2-,000-cfm volume flow ra te  capacity a t  1 / 4  
inch of water gauge s t a t i c  pressure. Assuming tha t  2,000 cfm 
is the actual  volume flow ra te  being produced by the fans, 
the continuous a i r  change ra t e  is approximately 9 per hour. 
T h i s  a i r  change ra t e  appears adequate, because the  condition, 
odor di lut ion,  and heat dissipation in  the dry well are  good. 

Ancillary Mechanical Equipment 

Standby generator. An engine-generator s e t  was i n s t a l l e d  
in  1985 t o  provide standby power. It is in  good condition. 
Modifications were made t o  the building t o  accommodate the  
additional vent i la t ion needed during engine operation. 

Instzument air system. The or ig ina l  instrument a i r  system 
provides compressed a i r  for  instrumentation operation. The 
compressor i s  a 3/4-inch Bell and Gossett o i l - less  
compressor. The system has adequate capacity and i s  i n  
reasonably good condition, but is  aging and w i l l  probably 
need replacement i n  a few years. 

Sump pump. The or iginal  sump pump is  s t i l l  i n  use, although 
it has been rebui l t  and repaired on occasion. It operates 
well but w i l l  a l so  need replacement in  the near future.  

Seal .water. system. The seal  water pumps are t h e  orig.ina1 
equipment, but have been overhauled and s t i l l  function well. 
The C2 a i r  break tank, however, i s  badly corroded and should 
be replaced in  the very'near future. The corrosion has 
created problems get t ing an adequate supply of s e a l  water t o  
the raw sewage pumps., 

Access hatch, The access hatch located above the  engine- 
generator s e t  leaks water when it is  raining, creating 
dangerous wet areas on the pump room f loor .  

Hoist. The exis t ing  monorail hoist  and r a i l  a r e  d i f f i c u l t  
t o  use because they a r e  poorly arranged. The equipment i s  i n  
good condition, but the  arrangement i s  undesirable. 



CONTROL SYSTEM 

The raw sewage pump c o n t r o l  system i s  a semi-redundant t ype .  
Speed and s t a r t  s i g n a l s  a r e  de r ived  from a bubb le r  i n  t h e  w e t  
well. The bubbler  measures wet w e l l  l e v e l  and p rov ides  l e v e l  
d a t a  t o  t h e  Foxboro c o n t r o l l e r .  Pumps may b e  s t a r t e d  
normally by t h e  Texas Instruments  PM550 programmable l o g i c  
c o n t r o l l e r  (PLC) o r  by t h e  Foxboro c o n t r o l l e r .  Speed 
r e f e r e n c e s  f o r  t h e  c l u t c h  d r i v e s  a r e  d e r i v e d  e x c l u s i v e l y , f r o m  
t h e  Foxboro l e v e l  loop.  

The pump s t a t i o n  has  two var iable-speed 75-hp pumps and two 
fixed-speed 20-hp pumps. The 20-hp pumps a l t e r n a t e  so t h a t  
on ly  one of  them is o p e r a t i n g  a t  any g iven  t i m e .  A t  no t i m e  
does a 20-hp pump o p e r a t e  a t  t h e  same t i m e  as a  75-hp pump. 

The pumps o p e r a t e  i n  t h e  fo l lowing  manner under low-flow 
cond i t i ons :  One 20-hp pump s t a r t s  when t h e  w e t  w e l l  l e v e l  
rises to  e l e v a t i o n  119.26. I f  , t h e  w e t  w e l l  l e v e l  remains 
below 119.76, t h e  20-hp pump cont inues  t o  o p e r a t e  u n t i l  t h e  
wet w e l l  l e v e l  drops t o  e l e v a t i o n  116.76. 

The pumps.operate  i n  t h e  fo l lowing  manner under  high-flow 
cond i t i ons :  One 20-hp pump s t a r t s  a t  e l e v a t i o n  119.26. A t  
e l e v a t i o n  119.76, t h e  l e a d  75-hp pump starts and t h e  20-hp 
pump s h u t s  down. I f  t h e  w e t  w e l l  l e v e l  rises t o  e l e v a t i o n  
120.76, t h e  fo l low 75-hp pump s t a r t s  and b o t h  75-hp pumps 
cont inue  t o  o p e r a t e  u n t i l  t h e  w e t  we l l  l e v e l  d rops  t o  
e l e v a t i o n  120.7 6  aga in .  

A s  t he .  t h e  w e t  ' w e l l l e v e l  drops,  t h e  fo l low 75-hp pump s h u t s  
down a t  e l e v a t i o n  120.76, whi le  t h e  l e a d  75-hp pump con t inues  
t o  pump down t o  e l e v a t i o n  117.76. 

ELECTRICAL POWER 

Exi8ting Service 

S e a t t l e  C i t y  Light  p rovides  e l e c t r i c a l  power t o  t h e  North 
  each Pump S t a t i o n .  The . s e rv i ce  i s  480Y/277 VAC, 3 phase,  
400 amps. The power c a b l e  c o n s i s t s  of  t h r e e  500-kcmil wires. 
The ampacity of  t h i s  c a b l e  i s  430 amps (THHW, Cu -- based  on 
table.  310-16, 90°c column) . The S e a t t l e  C i t y  Light  ' 

t r ans fo rmer  t h a t  s e r v e s  t h e  pump s t a t i o n  h a s  a  power c a p a c i t y  
of 500 kW. 

  he incoming motor c o n t r o l  c e n t e r  (MCC) main b reake r  i s  400 
amps'. The main pane l  s u p p l i e s  332.4 kW a t  480 VAC. The 480 
VAC f eeds  t h e  e x i s t i n g  MCC bus system, which i s  r a t e d  a t  600 
amps. The s t a t i o n  has  t h r e e  subpanels :  Pane l  A (120 VAC), 
Panel  PPM (480 VAC), and Pane l  PPC (120/208 VAC) . 



The s tandby gene ra to r  system has  a c a p a c i t y  of 250 kW 
cont inuous (300 amps), o r  300 kW standby (361 amps) .  

Table 2 l ists electrical s e r v i c e  t o  va r ious  pump s t a t i o n  
equipment , 

Raw Sewage Pump Wiring and Capacities 

A s  shown i n  Table 2, t h e  f u l l  l oad  amperage of  e x i s t i n g  Pumps. 
1 and 2 is  88.5 amps each (111 amps a t  125 p e r c e n t ) .  The 
f u l l  load amperage of e x i s t i n g  Pumps 3 and 4 i s  26.4 amps 
each (33 amps a t  125 p e r c e n t ) .  

The b reake r s  f o r  Pumps 1 and 2 a r e  150 amps, 3 p o l e .  The 
b reake r s  f o r  Pumps 3 and 4 a r e  50 amps, 3 p o l e .  

The wi r ing  t o  Pumps 1 and 2 is 4-1/0 i n  a 2-inch condu i t .  The 
r a t e d  ampacity of 1 / 0  copper wire is  125 amps (NEC Table  310- 
16, 60°C column) . The age of  t h e  e x i s t i n g  equipment would 
i n d i c a t e  t h a t  t h e  l u g s  on t h e  e x i s t i n g  equipment a r e  r a t e d  
f o r  o n l y  6 0 ' ~ .  T h i s  c a b l e  cou ld  hand le  a motor t h a t  used 
100 amps. The e x i s t i n g  75-hp pump motor i s  t h e  l a r g e s t  motor 
t h a t  cou ld  be  used, p e r  t h e  requirements  of  t h e  1993 NEC and 
Table 430-150. 

The wi r ing  t o  Pumps 3 and 4 i s  4-8 i n  a 1-l /4-inch c o n d u i t .  
The ampacity of No. 8 wire i s  40 amps (NEC Table 310-16, 60°C 
column). The age of t h e  e x i s t i n g  equipment would i n d i c a t e  
t h a t  t h e  l u g s  on t h e  e x i s t i n g  equipment a r e  r a t e d  f o r  o n l y  
60°C. Th i s  w i r i n g  could  handle  a motor r a t e d  a t  32 amps. 
The e x i s t i n g  20-hp motor i s  r a t e d  f o r  27 amps; t h e r e f o r e ,  20 
hp is t h e  l a r g e s t  motor t h a t  could be used wi th  t h e  e x i s t i n g  
conductors .  

Available Capacity for Future Use 

With a c u r r e n t  worst-case l oad  requirement of  243.63 kW, t h e  
s t a t i o n  u s e s  about  73 pe rcen t  of  a v a i l a b l e  power (or 80 
pe rcen t  of  a v a i l a b l e  kVA). This  l eaves  88.77 kW a v a i l a b l e  
f o r  f u t u r e  u s e .  

Approximately 62 hp would be a v a i l a b l e  f o r  a new raw sewage 
pump and motor, assuming t h a t  a f u l l y  loaded e l e c t r i c a l  
system were a l lowab le ,  However, t h e  e n t i r e  power a v a i l a b l e  
cannot be  added t o , o n e  pump/motor l o c a t i o n  because t h e  
e x i s t i n g  w i r i n g  and b reake r s  cannot accommodate a n  i n c r e a s e  
i n  pump motor s i z e .  

Moreover, t h e  e x i s t i n g  pump s t a t i o n  i s  cramped f o r  space .  A 
f i e l d  i n s p e c t i o n  r evea l ed  no space i n  which t o  mount any 
a d d i t i o n a l  equipment. 

According t o  t h e  Square D Company, t h e  e x i s t i n g  MCC is 
outdated,  p a r t s  f o r  it a r e  no longer  manufactured, and t h e  



I current generation of MCC inser t s  do not f i t . i n t o  the 
existing type of MCC. 

B Panel PPM has three 100-amp spaces. Panel PPC has two 20-amp 
and two 15-amp spare breakers and 12 spaces. Panel A has no 
spares or  spaces available. 

I Table 2 
Existing Electrical  Systems for Pump Station Equipment 

Circuit  
Breaker Current 

Item LanUxL* Wirincr hp A-amW- 

Sewage Pump 1 150 4-1/0 75 88.5 

Sewage Pump 2 150 4-1/0 75 88.5 

Sewage Pump 3 SO 4-8 20 26.4 

Sewage Pump 4 50 4 -8 20 26.4 

Ins t .  A i r  1 15 4-12 0.75 1.7 

Inst .  A i r  2 15 4-12 0.75 1.7 

Seal Water 1 15 4-12 1 3.6 

Seal Water 2 15 4-12 1 3.6 

Sump Pump 15 4-12 0.75 1 .7  

Flush Pump 15 4-12 1 3.6 

HVAC Supply 15 4-12 5 -- 
'HVAC EF-1 15 4-12 0.75 -- 
HVAC EF-2 15 4 -1 2 3 - - 
Hoist Mot or - - - - -- - - 
Heaters 30 -- 15 kW 18.1 

* 3 pole 



SECTION 3 -- INVESTIGATION OF SYSTEM EYDRAULICS 

Metro s t a f f  conducted pump tes t ing  t o  determine the actual 
operating capacity of the North Beach Pump Station and the 
system head curve for  the force main. Metro s t a f f  a l so  
studied the  hydraulics of the C i t y ' s  gravity sewers in  
Carkeek Park, This section describes these investigations 
and discusses the implications of each wi th  regard t o  
upgrading the pump stat ion.  

STATION DESIGN CAPACITY 

Each 75-hp pump was designed t o  provide 2,450 gpm (3.53 mgd) 
a t  a t o t a l  dynamic head (TDH) of 86 fee t  when operating alone 
a t  rated speed (1,145 rpm) . Each pump was t o  provide 1,450 
gpm (2.09 mgd) a t  a TDH of 96 feet  when operating i n  pa ra l l e l  
wi th  the  other pump a t  rated speed, The design capacity of 
the s ta t ion  was therefore 4 . 2  mgd. 

BROWN AND CALDWESL PUMP TESTING (1988) 

Brown and Caldwell performed pump capacity t e s t s  a t  the 
s ta t ion  as  par t  of the Carkeek Transfer/CSO F a c i l i t i e s  
Project .  A f i r s t  t e s t  was done i n  August 1988. A sonic 
flowmeter was clamped on the 14-inch discharge header inside 
the s ta t ion ,  and pressure gauges were connected t o  taps i n  
the header pipes. These flow and pressure data were not used 
because the  flowmeter was ins ta l led  re la t ive ly  close t o  the  
pumps and the pressure gauges appeared t o  have clogged, 

A second t e s t  was performed' i n  September 1988. The time 
required for  the  wet well t o  empty and f i l l  was noted and 
used t o  estimate flow, The t e s t  indicated t h a t  Pumps 1 and 2 
have peak capacit ies of 2.81 mgd and.3.24 mgd, respectively. 
The'two pumps produced 3.46 mgd when operating i n  pa ra l l e l  a t  
maximum speed. . 

The rpm meters for  the pumps indicated about 1,050 rpm a t  
maximum speed during the  pump t e s t .  Brown and Caldwell 
suggested tha t  the eddy-current clutches might be l imiting 
the speed of the  pumps. They also suggested t h a t  Pump 1 
might have lower output because of i ts  condition. They 
estimated the system head curve graphically, using the flow 
data fo r  Pump 2 and the  manufacturer's pump curves a t  1,050 
rpm. They computed a maximum potential  s ta t ion  capacity of 
3.7 mgd, assuming tha t  Pump 1 could operate l ike  Pump 2 .  



METRO PU2UP TESTING (1991) 

Metro conducted additional pump t e s t s  t o  confirm the s ta t ion  
capacity using bet ter  flow measurement and t o  provide a 
system head curve based on force main pressure and flow 
measurements. 

Metro ins ta l led  a flowmeter i n  the North Beach force main in  
1990, The meter is a Marsh-McBirney probe-type Magmeter and 
is located in  a vault near the Carkeek Treatment Plant. A 
s t r i p  chart  recorder was ins ta l led  a t  the plant t o  record 
flowmeter output. The flow measured a t  t h i s  location 
represents the t o t a l  of North Beach Pump Station discharge 
and inflow from the City 's  gravity sewer l ines  tha t  a re  
connected t o  the force main. 

The flowmeter was- calibrated by the factory for  the  14-inch- 
diameter force main. The manufacturer's .representative and a 
Metro employee a lso  checked the meter a f t e r  ins ta l la t ion ,  
using a portable Marsh-McBirney Model 260 flowmeter. 

Table 3 shows the resul t s  of a pump t e s t  conducted on April 
2,  1991.  The raw sewage pumps were run individually and 
together t o  gather data a t  different  flows and pressure head . 
conditions. The flow i n  the force main was measured with the 
flowmeter. The force main discharge pressure was indicated 
by a pressure gauge located on the discharge header a t  the 
pump s ta t ion .  The wet well level  - and - pump speed were a l so  
recorded. 

During the t e s t ,  flows were recorded a t  City MH No. 003 i n  
the Woodbine Way gravity l ine  t o  determine whether tha t  flow 
had any ef fec t  on the t e s t  data,  The gravity l i n e  flow 
averaged only 100 gpm (0.14 mgd) during the t e s t .  Therefore, 
the t e s t  r e su l t s  represent s ta t ion  performance when the 
gravity l ines  a re  not affect ing system hydraulics. 

The rprn meters fo r  the 75-hp pumps showed maximum readings of 
920 t o  950 rprn during t h e . t e s t .  I n  March 1992, a Metro 
technician checked the maximum rprn of these pumps wi th  
different  equipment and found it was approximately 1,100 rpm. 
A t  tha t  time, t h e  rprn meters on the pumps indicated about 900 
rprn'. The rpm meters were therefore determined t o  be 
incorrect.  





Station Capacity 

The maximum capacity of Pump 1 was found t o  be 2 . 9  mgd. The 
maximum capacity of the s ta t ion  w i t h  the two 75-hp pumps 
operating together was 3.4 mgd. T h i s  s ta t ion capacity was 
used i n  Metro's hydrologic modeling study, which is  discussed 
in  Section 4 .  

S y s t e m  Head Curve 

The April 1991 t e s t  data were used t o  determine the system 
head curve fo r  the exis t ing force main. T h i s  was 
accomplished by recording discharge gauge pressures 
corresponding t o  various s ta t ion  flows. 

The April 1991 pressure measurements a t  100 percent pump 
speed closely replicated several  e a r l i e r  Metro t e s t s ,  The 
flow data from the e a r l i e r  Metro t e s t s  could not be used, 
however, due t o  a flowmeter calibration error .  

System head data are  shown i n  Table 4 .  The data represent 
the pressure in  the discharge header pipe inside the s t a t ion  
(a t  elevation 12l) .and indicate how much f r i c t ion  loss  occurs 
i n  the force main downstream of that  point. Theoretical 
system head curves for  the exis t ing force main a t  various 
Hazen-Williams f r i c t ion  ( "CQ*)  factors were computed and 
compared t o  the measured system head curve. The exis t ing 
force main has an effect ive "C** factor of 105. 

ANALYSIS OF METRO TEST RESULTS 

The two 75-hp pumps i n  the s ta t ion  were designed t o  pump a 
t o t a l  of 4 . 2  mgd a t  96 fee t  of TDH. This equates t o  a design 
"CM fac tor  ( f r i c t ion  factor)  higher than 140 i n  the  13.5- 
inch-inside-diameter force main. The or iginal  designers 
apparently assumed tha t  a "CW factor  above 140 could be 
maintained in  t h e  pipe long-term. Metro's pump t e s t s ,  
however, indicated tha t  the actual "C** factor  is  now 105. 
Under these conditions, a flow of 4 .2  mgd would create a TDH 
higher than 150 f ee t .  

E f f e c t s  of Upgrading the Station Without M o d i f y i n g  the 
F o r c e  Main 

If  Metro were t o  upgrade the pump stat ion t o  i t s  or iginal  
capacity of 4.2 mgd while making no changes t o  the  exis t ing 
force main, these increased f r i c t ion  losses would have 
several ramifications. F i r s t ,  the force main would be 
subjected t o  higher working pressures than were assumed 
during design. Second, higher horsepower motors and an 
upgraded e l e c t r i c a l  system would be required. The pump 



Tabla 4 

I Syatem Head Curve for the Force Wain 
Baned on April 9, 1991, Pump Teat Data 

I 
I 

*system head datum = elevation 121; s t a t i c  head = 26.5 f t .  

* 
System Head 

( f t )  * 

3 8 

4 4 

53 

8 8 

102 

Discharge 
Gauge (psi) 

13.6 

16 

20 

3 5 

4 1  

Flow 

(gpm ) 

720 

944 

1,200 

2,040 

2,360 

Flow 
(mgd) 

1.0 

1.4 

1.7 

2.9 

3 . 4  



s ta t ion  s t ructure would need t o  be modified t o  house new 
e l e c t r i c a l  equipment. 

The 1988 f a c i l i t y  plan assumed tha t  the upgraded s ta t ion  
would pump 5.0 mgd a t  130 fee t  of TDH. Based on Metro's pump 
t e s t s ,  however, a flow of 5.0 mgd in the exis t ing force main 
would create  a TDH of 205 fee t .  I f  the s ta t ion  were pumping 
5.0 mgd and the  Woodbine Way gravity l ine  were experiencing 
i ts  one-year peak flow, the TDH would be 215 f ee t .  (The 
gravity l ines  would have t o  be sealed and pressurized t o  
allow such heads t o  develop.) 

INVESTIGATION OF PUMP REPAIR CONCEPT 

A key concept tha t  ESD was asked t o  investigate during 
predesign was whether the desired pump station'upgrade could 
be achieved through equipment modifications alone, without 
modifying the s t ructure or the force main. For example, i f  
Metro had found tha t  the 75-hp pumps were in  poor condition 
or  operating a t  reduced speeds as  Brown and Caldwell had 
suggested, then Metro might have been able t o  increase the  
s t a t ion ' s  capacity through equipment repair  or replacement. 

After the 1988 study, Metro Operations s t a f f  had the 75-hp 
pumps overhauled and checked. The impellers were checked for  
cavitation,  and no serious problem was found. 

Moreover, a f t e r  tes t ing  the pumps and checking the rpm 
met'ers, Metro concluded tha t  the pumps are  operating a t  
approximately f u l l  speed. A comparison of Metro's new pump 
t e s t  data and the  or iginal  pump,curves indicates that  the  
pumps a re  functioning similarly t o  when they were ins,talled 
but a re  operating against a system head curve qui te  d i f ferent  
from the  design system head curve. 

DOWNSTREAM EFFECTS OF A STATION UPGRADE 

If  Metro were t o  upgrade the North Beach s tat ion,  the  
increased flows and pressures would affect  the two C i t y  of 
Sea t t le  gravity sewer l ines  tha t  discharge d i rec t ly  t o  the  
force main i n  Carkeek Park. The l iquid level  in  each of 
these pipelines r i ses  when the force main flows under 
pressure. Each l ine  was designed t o  handle backups t o  a 
cer tain elevation. The lower portion of each City l i n e  i s  
made of cast  iron pressure pipe and slopes steeply uphi l l  
away from the force main. 

The City has reported no recent overflow problems in  the 
gravity l ines .  Friction losses in  Metro's force main a r e  
higher now than they were when the gravity l ines  were 
constructed, but the North Beach s tat ion sends l e s s  flow t o  



t h e  f o r c e  main than  it d i d  a t  t h a t  t i m e .  The l i q u i d  l e v e l s  
i n  t h e  g r a v i t y  l i n e s  have n o t  been measured. Based on a 
t h e o r e t i c a l  a n a l y s i s ,  t h e  e s t ima ted  one-year f low from t h e  
Woodbine Way l i n e  and t h e  peak flow t h a t  t h e  e x i s t i n g  North 
Beach pumps would produce under c u r r e n t  c o n d i t i o n s  cou ld  be 
c a r r i e d  by t h e  e x i s t i n g  f o r c e  main d i t h o u t  caus ing  over f lows  
a t  t h e  C i t y ' s  manholes. 

Based on t h e  same t h e o r e t i c a l  a n a l y s i s ,  however, i f  Metro 
inc reased  t h e  flow from t h e  North Beach s t a t i o n  without  
d i sconnec t ing  t h e  C i t y  l i n e s  o r  a l t e r i n g  t h e  f o r c e  main 
downstream of t h o s e  l i n e s ,  overf lows would begin  t o  occu r  a t  
MH N o .  154 and 155 on t h e  NW 117th S t r e e t  l i n e  du r ing  l a r g e  
s torms.  

CONCLUSION 

The North Beach s t a t i o n  should  no t  be upgraded u n t i l  Metro 
de te rmines  t h e  flows i n  t h e  C i t y  g r a v i t y  l i n e s  and mod i f i e s  
Metro or C i t y  p i p e l i n e s  i n  Carkeek Park s o  t h a t  t h e  system 
can accommodate t h e  i nc reased  f lows.  Equipment m o d i f i c a t i o n s  
a t  t h e  North Beach s t a t i o n  w i l l  not  p r o v i d e  t h e  advantages  o f  
qu ick  implementat ion o r  l o w  impact  t h a t  were e n v i s i o n e d  by 
t h e  Water P o l l u t i o n  Control  Department (WPCD) a t  t h e  
b e g i n n i n g  o f  ESD ' s  p r e d e s i g n  . 
Brown and Caldwell  recommended, based on a b r i e f  a n a l y s i s  of  
t h e  i s s u e ,  t h a t  flows from t h e  C i t y  l i n e s  be r e r o u t e d .  I n  
a d d i t i o n ,  Metro's pump tes ts  r evea l ed  t h a t  f r i c t i o n  l o s s e s  i n  
t h e  f o r c e  main are h igher  t h a n  was-assumed i n  1988. Because 
f o r c e  main f r i c t i o n  l o s s  and t h e  presence of  t h e  a t t a c h e d  
C i t y  l i n e s  bo th  l i m i t  Metro's a b i l i t y  t o  upgrade t h e  North 
Beach Pump S t a t i o n ,  ESD concluded t h a t  t h e  a n a l y s i s  o f  North 
Beach system improvements should  inc lude  a more thorough 
a n a l y s i s  of  f o r c e  main and g r a v i t y  l i n e  mod i f i ca t ions  (see 
Sec t  i on  5)  . 



I SECTION 4 -- BYDROLOGIC MODELING 

Metro used recent flow data t o  cal ibrate  a hydrologic model 
of the North Beach basin. The model was used t o  estimate 
existing. flows and overflows a t  the North Beach s ta t ion  and 

I t o  analyze the  sizing and effectiveness of potent ial  f a c i l i t y  
improvements. 

BROWN AND CALDWELL MODELING STUDIES (1988) 

Brown and Caldwell developed a flow simulation model f o r  the 
North Beach system as  par t  of the 1988 Carkeek f a c i l i t y  
planning. In i t s  chapter on existing f a c i l i t i e s ,  the report 
s ta ted  t h a t  with a s tat ion capacity of 3.7 t o  3.8 mgd, there  
would be 25 overflows per year w i t h  a t o t a l  annual discharge 
volume of 12.5 MG. This estimate became established a s  the 
exis t ing frequency and volume of overflows a t  the  pump 
s t a t  ion. 

However, in  a more detailed chapter on flows and waste 
loadings, the 1988 report s ta ted that  wi th  a s ta t ion  capacity 
of 3.8 mgd there-would be 18 overflows per year w i t h  a t o t a l  
annual volume of 4 . 6  MG. Brown and Caldwell s t a f f  have since 
indicated tha t  the 18-overflow-per-year estimate i s  more 
accurate. 

METRO ' S HYDROLOGIC MODELING ANALYSIS (1992) 
-- - 

Metro has been using Marsh-McBirney Model 260 flowmeters t o  
monitor overflows a t  two locations a t  the North Beach Pump 
Station. One location is  in  the 18-inch-diameter influent 
pipe entering the wet well. This monitor, which was 
ins ta l l ed  in  March 1989, i s  used t o  monitor influent flows as  
well a s  wet well overflows. The overflow elevation a t  the  
wet well i s  122.83. The other location i s  i n  the 18-inch- 
diameter influent sewer exit ing MH N o .  65. Th i s  monitor, 
which was ins ta l l ed  i n  October 1988, i s  used t o  measure 
overflows only. The overflow elevation a t  t h i s  location i s  
124.92. 

Metro's Information Systems Division developed a hydrologic 
model of the North Beach system and calibrated the  model 
using influent flow data from March 1989 t o  July 1992. They 
used the  calibrated model and 13 years of r a i n f a l l  data (1978 
t o  1990) t o  generate 13 years of simulated flow data.  The 
data were used t o  perform the following tasks: 

o Estimate the  current number of overflows per year and 
the  t o t a l  overflow volume per year a t  the North Beach 
Pump Sta t  ion. 



o Estimate peak flows entering the s ta t ion .  

o Estimate peak flows entering the North Beach force main 
from the Woodbine Way gravity sewer l i n e  in  Carkeek 
Park. 

o Determine combinations of pump s ta t ion  capacity and 
storage volume tha t  would reduce overflows a t  the 
s ta t ion  t o  one per year. 

o Estimate the interim overf1owreduction result ing from 
the  f i r s t  phase of two-phased f a c i l i t y  improvements. 

The one-per-year condition was determined using simulated 
flow frequencies rather than a one-year design storm, because 
the North Beach basin is  a separated basin. T h i s  approach is 
consistent with the 1988 Carkeek f a c i l i t y  plan. 

A report detai l ing the hydrologic modeling analysis and 
resu l t s  i s  included as  Appendix A .  

SUMMARY OF RESULTS OF METRO'S ANALYSIS 

Based on 13 years of simulated flow data, the estimated 
frequency of overflows is  18 events per year. The estimated 
t o t a l  volume of overflows is  1 . 9  MG per year. 

North Beach Pump Station Influent Peak Flow 

The peak flow recorded by the flowmeter between March 1989 
and July 1992,was 6.2  mgd, during the large storm on January 
9, 1990. Based on 13 years of simulated flow data, the 10- 
minute peak flow with a return period of one year a t  the  
North Beach Pump Station i s  6.8 mgd. 

The highest simulated peak generated from the  13 years of 
record averaged 13.9 mgd during the maximum 10 minutes and 
7 . 9  mgd during the maximum hour. T h i s  peak was caused by a 
very high-intensity r a in fa l l  of 1.03 inches i n  one hour, 
a f t e r  several days.of l ighter  ra in.  

Woodbine Way Gravity Line Peak Flow 

Flows entering the North Beach force main from the  Woodbine 
Way gravity l i n e  were estimated by assuming tha t  the basin 
served by t h i s  l i n e  has the .same character is t ics  a s  an 
adjacent North Beach subbasin. The adjacent systems were 
constructed a t  the same time and have similar land uses. 
According t o  City s t a f f ,  the  Woodbine Way 1ine.experienced 
problems i n  the  ear ly 1980s from unexpectedly high inflow. A 
rehabi l i ta t ion project t o  reduce inflow was successfully 



completed in  the  Woodbine basin i n  1986. No metering data 
since then a re  available t o  validate the  peak flow estimates. 

I The 10-minute peak flow wi th  a return period of one year i s  
estimated t o  be 1.0 mgd. 

I Preliminary estimates of l e s s  frequent peaks were generated 
fo r  use i n  the force main hydraulics analysis.  The 10-year 
peak is-est imated t o  be 1 . 7  mgd. The 25-year peak is  
estimated t o  be 2.4 mgd. 

.Facility Siring 

I Overflows a t  the North Beach s tat ion could potent ial ly  be 
reduced by increasing the pumping capacity of the  s ta t ion ,  by 
adding storage a t  the s ta t ion  s i t e ,  or by a combination of 

I these two measures. The 1988 Carkeek f a c i l i t y  plan 
recommended upgrading the s ta t ion  t o  5.0 mgd and constructing 
280,000 gallons of -storage. Metro's hydrologic model was 

I 
used t o  update these f a c i l i t y  sizing calculations.  F i r s t ,  
the model was used t o  determine combinations of pump s ta t ion  
capacity and storage volume tha t  would reduce overflows a t  
the  s t a t ion  t o  one per year. Then the model was used t o  
estimate the interim overflow reduction resul t ing from the  
f i r s t  phase of two-phased f a c i l i t y  improvements. 

The s izing analysis studied potent ial  design flows in  the  
range of 3.4 rngd (existing) t o  5.0 mgd. The maximum value of 
5.0 rngd corresponds t o  a maximum allowable force main 
velocity of 8 fee t  per second ( fps ) ,  a s  recommended i n  the  
1988 report .  In addition, 'the--new Carke-ek plant f a c i l i t i e s  
were sized a~suming the t ransfer  of up t o  5.0 rngd from North 
Beach. 

I The computations incorporated the ra te  for  pumping out the  
storage basin a f t e r  storms. T h i s  pumpout r a t e  a f fec t s  the  

I emptying time, which, in  turn, a f fec ts  the available volume 
of storage fo r  subsequent storms. The model approximated the 
storage pumpout r a t e  as a constant flow ra te .  The model 
assumed t h a t  pumpout would not begin u n t i l  the inflow t o  the 

I pump s ta t ion  f e l l  below the s ta t ion  capacity minus the 
storage pump flow ra te .  

The storage volumes required t o  reduce overflows t o  one per 
year fo r  a 3.4, 4.0, 4.5, and 5.Q rngd s t a t ion  and the 
resul t ing average annual overflow volumes a re  l i s t e d  i n  Table 
5. The interim benefits  of upgrading the pump s ta t ion  (while 
delaying the construction of storage) a re  shown i n  Table 6. 
The interim benefi ts  of constructing storage (while delaying 
upgrade of the pump s ta t ion)  a re  shown i n '  Table 7 .  



Table 5 
Pump Station ~apacity/Storage ~elationship8 

to Achieve One Overflow Per Year 

Pump Storage Storage Remaining 
Station Pumpout Volume* * Overflow 
Capacity Rate* Required Volume/Yt 

hwdL lmadl &ALL (MGL 

3.4 0.36 474,000 0.39 
(existing) 0.72 460,000 0.40 

1.08 466,000 0.39 
1.44 466,000 0.39 

4.0 0.36 248,000 0.29 
0.72 252,000 0.28 
1.08 252,000 0.27 
1.44 252,000 0.28 

4.5 0.36 142,000 0.19 
0.72 133,000 0.20 
1.08 128,000 0.20 
1.44 129,000 0.21 

5.0 0.36 70,000 0.12 
0.72 67,000 0.13 
1.08 67 , 000 0.13 
1.44 67,000 0.13 

L 

* Constant flow rate was assumed for preliminary 
calculation. 

**  Preliminary values are based on constant pump-out 
rate 



Table 6 
Interin Overflow Frequency and Volume with Pump 

Station Upgrade and No Storage 

Pump Station Overflow 
Capaaity Number of ~o lume/Yr  

LWZdL Qlmzmdu m 
3.4 18 1.91 

( e x i s t i n g )  
4.0 12 0.96 
4.5 8.5 0.51 
5.0 5.0 0.27 

* Pre l imina ry  va lues  are based on cons t an t  pump-out 
r a t e  . 

8 

Table 7 
Interim Overflow Frequency and Volume with Storage 

and No Pump Station Upgrade 
(Pump s t a t i o n  capac i ty :  3.4 mgd) 

Storage Storage 
Volume Pumpout Number of Overflow 

Provided* Rate** Overflows Volume/Yr 
w _(madl. 2azsmz Jl4G.L 

70,000 0.36 6.0 1.30 
67,000 0.72 5.9 1.31 
67,000 1.08 5.8 1.32 
67,000 1.44 6.1 1.33 

133,000 0.72 3 $ 8  1 .01 
128,000 1.08 3.9 1.03 
119,000 1.44 4.2 1.08 

252,000 1.08 2 .O 0.68 
252.000 1.44 2.1 0.69 

**  Constant  f low r a t e  was assumed f o r  p re l imina ry  
c a l c u l a t i o n .  

, 



The estimated storage volume and overflow values for  various 
combinations were then refined further t o  r e f l ec t  approximate 
variations in  pumpout r a t e ,  In these calculations,  the model 
assumed tha t  pumpout would not begin u n t i l  the  available 
capacity equalled the maximum pumpout ra te .  The refined . 
resul t s  a re  shown in Tables 8 and 9. 

The storage volume corresponding t o  a . s t a t i o n  capacity of 
4.0 mgd was not refined further,  because tha t  combination was 
eliminated as  an al ternat ive before the second round of 
calculations (see Section 6 ) .  

2 

Table 8 
Station Capacity/Storage Combinations to Achieve 

One Overflow Per Year 
Incorporating Variations in Pumpout Rate 

Station Avg/Max Storage Overflow 
Capacity Pumpout Volume Volume/Y r 

.mxdL - &au lMOI 

4.5 1.2/1.7 140,000 0.21 

5 .O 0.9/1.3 75,000 0.14 

Table 9 
Interim Overflow Reduction With Storage 

and No Pump Station Upgrade 
Incorporating Variations in Puxapout Rate 

Storage A v g / ~ a x  Overflow Overflow 
Volume Pumpout Events Volume/Yr 
laalL - - LMaL 

140,000 1.2/1.7 4 1.0 

75,000 0.9/1.3 6 1.3 I 



SECTION 5 -- EVALUATION OF CARKEEK PARK PIPING 
ALTERNATIVES 

Metro's pump t e s t i n g  and hydraul ic  analyses  confirmed t h a t  
t h e  North Beach s t a t i o n  should not be upgraded u n t i l  t h e  
e f f e c t s  of t h e  upgrade on fo rce  main headlosses and t h e  
C i t y ' s  g r a v i t y  sewer l i n e s  i s  addressed (see Sect ion 3 ) .  ESD 
inves t iga ted  s e v e r a l  approaches. 

CONNECTING CITY GRAVITY LINES TO A NEW GRAVITY 
PRESSURE MAIN 

The 1988 Carkeek f a c i l i t y  plan included an es t imated  
cons t ruc t ion  c o s t  of $472,700 f o r  w c o l l e c t i o n  system 
improvements," which was t h e  est imated c o s t  of disconnect ing 
t h e  Woodbine Way and NW 117th S t r e e t  l i n e s .  

ESD reviewed t h e  design concept t h a t  formed t h e  b a s i s  f o r  
t h i s  e s t ima te .  The concept was t o  connect t h e  g r a v i t y  l i n e s  
t o  a new g r a v i t y  pressure main t h a t  would run p a r a l l e l  t o  
Metro's fo rce  main. The pressure  main would s lope  u p h i l l  t o  
t h e  new Carkeek Pump S ta t ion .  Liquid would back up i n  t h e  
g r a v i t y  l i n e s  t o  push t h e  flow u p h i l l .  An 8-inch-diameter 
p ressure  main was proposed, based on v e l o c i t y  c r i t e r i a  of 
2 f p s  a t  t h e  design average dry  weather flow (ADWF) and 8 f p s  
a t  t h e  es t imated  one-year peak flow. 

Metro compared t h e  measured ADWF a t  t h e  North Beach s t a t i o n  
t o  t h e  ADWF assumed i n  t h e  1988 plan.  The a c t u a l  ADWF f o r  
t h e  North Beach basin i s  only 50 percent  of t h e  ADWF assumed 
i n  t h e  1988 p lan .  Metro's est imated ADWF f o r  t h e  Woodbine 
bas in  is  about 15 percent of t h e  Woodbine ADWF t h a t  was 
assumed i n  t h e  1988 ca lcu la t ions .  

ESD does not  recommend t h i s  concept f o r  s e v e r a l  reasons: 

o I f  t h e  a c t u a l  ADWF i n  t h e  Woodbine bas in  i s  i n d e e d . l e s s  
than  t h a t  assumed i n  t h e  1988 c a l c u l a t i o n ,  t h e  average 
v e l o c i t y  i n  an 8-inch-diameter p ressure  main would be 
less than 2 '  f p s  . . 

o Even i f  ADWF i n  t h e  Woodbine bas in  were h igher  than 
Metro es t imates ,  t h e  minimum v e l o c i t y  on a summer day 
could s t i l l  be extremely low and t h e  maximum v e l o c i t y  on 
a summer day might not be enough t o  resuspend s o l i d s .  

o An a n a l y s i s  of hydraulic  grade l i n e s  i n d i c a t e s  t h a t  a t  
t h e  es t imated  10-year flow of 1.7 mgd, l i q u i d  would have 
t o  back up above t h e  l e v e l  of t h e  e x i s t i n g  manhole l i d s  
t o  pass  through an 8-inch-diameter p ipe .  This  concept 
would t h e r e f o r e  have t o  include p r e s s u r i z a t i o n  of both 



gravity lines and construction of a new manhole on the 
NW 117th Street line to protect hilltop homes. 

o Placing an ,8-inch-diameter line downstream from a 12- 
inch-diameter line and a 10-inch-diameter line 
introduces some risk of blockage. 

o It would be difficult to construct a pipeline parallel 
to the easternmost, 350 feet of the force main. 

o This method would have no effect on the high working . 
pressures that would occur in the force main and pump 
station under regular conditions (when branch flows were 
low). This problem would still have to be addressed in 
some other way. 

PRESSURIZING CITY LINES 

The City's gravity lines were constructed of pressure pipe 
materials in their lower reaches and gravity pipe materials 
in their upper reaches. The pipes slope steeply uphill 
through the park, and the houses served by the lines are 
located along the hilltop. The City pipelines could be 
modified to accommodate higher liquid levels by replacing 
uphill portions of the lines with pressure pipe and 
installing pressure manholes. The sealed system would be 
installed to an elevation high enough to prevent overflows. 

Replacement of these gravity pipelines is feasible from a 
construction standpoint. The Woodbine Way line is located 
under a dirt road. The pipe between MH 154 and MH 155 (on 
the NW 117th Street line), which is the lowest piece of 
gravity pipe in the system, is located underneath the park 
entrance road. The pipe above these manholes is underneath a 
hill covered with light trees and brush. 

ESD computed hydraulic grade lines for various combinations 
of station capacity and gravity line flow.' The existing 
lines could potentially be reconstructed'to handle flow from 
a 4.5-mgd pump station. ESD does not recommend this 
approach, however, for the following reasons: 

o The 10-year Woodbine Way line flow would cause pressures 
of 20 to 30 feet on the manhole lids. 

o The 25-year Woodbine flow would cause the liquid level 
in the NW 117th Street line to rise near the level of 
households at the hilltop. 

o Feasibility strongly depends on accurate estimates of 
gravity line flow. 



o Th i s  method would have no e f f e c t  on t h e  h igh  p r e s s u r e s  
i n  t h e  North Beach s t a t i o n  and f o r c e  main. This  problem.  
would s t i l l  have t o  be  addressed i n  some o t h e r  way. 

M 
OTHER MODIFICATIONS TO ACCOMODATE GRAVITY LINE FLOWS 

ESD i d e n t i f i e d  s e v e r a l  o t h e r  concepts  f o r  modifying t h e  
C i t y ' s  p i p i n g  t o  r e r o u t e  o r  reduce peak f lows from t h e  C i t y ' s  
g r a v i t y  l i n e s .  I d e n t i f i e d  concepts  inc luded  b u i l d i n g  a sma l l  
pump s t a t i o n  w i t h i n  Carkeek Park; c o n s t r u c t i n g  new p i p e l i n e s  
across t h e  s t e e p ,  t r e e - l i n e d  s l o p e s  i n  t h e  park  between t h e  
h ighe r  r eaches  of t h e  g r a v i t y  l i n e s  and t h e  Carkeek p l a n t ;  
and c o n s t r u c t i n g  an underground s t o r a g e  t ank  i n  t h e  park  f o r  
s t o r i n g  peak f lows  i n  t h e  Woodbine Way l i n e .  None of t h e s e  
concepts  were i n v e s t i g a t e d  i n  d e t a i l ,  because t h e y  would most 
l i k e l y  n o t  be  accepted  by t h e  C i t y  and t h e  community. 

REDUCING =AD LOSS IN THE FORCE WAIN 

Metro cou ld  reduce t h e  l i q u i d  1 e v e l s . t h a t  occur  i n  t h e  C i t y  
g r a v i t y  l i n e s  by reduc ing 'head  Posses i n  t h e  p o r t i o n  of  t h e  
~ o r t h  Beach f o r c e  main t h a t  i s  downstream from t h e  C i t y  
connec t ions .  ESD computed p i p e l i n e  v e l o c i t i e s  and  h y d r a u l i c  
grade  l i n e s  for s e v e r a l  p o t e n t i a l  methods o f  reducing head 
l o s s  i n  t h e  system. 

The a n a l y s i s  assumed t h a t  t h e  f o r c e  main should  be a b l e  t o  
accommodate the flow from a  4.5-mgd s t a t i o n  and 25-year f lows  
from t h e  Woodbine Way g r a v i t y  l i n e .  I n  a d d i t i o n ,  t h e  minimum 
force main v e l o c i t y  ( t h e  v e l o c i t y  w i t h  Pump 3  o r  4 o p e r a t i n g )  
should  be a t  l e a s t  2.0 f p s .  

The C i t y  of S e a t t l e  r e q u i r e s  s torm d r a i n s  and combined sewers 
t o  c a r r y  t h e  10-year f low without  surcharg ing  and t h e  25-year 
f low without  overf lowing.  Three p a r a l l e l  c r i te r ia  were 
assumed f o r  t h i s  l o c a t i o n :  (1) no p r e s s u r i z a t i o n  of manholes 
or non-pressure p i p e  a t  t h e  10-year flow, ( 2 )  no overf lows a t  
t h e  25-year f low, and ( 3 )  minimal p r e s s u r i z a t i o n  a t  t h e  25- 
yea r  f low t o  avo id  replacement o f  e x i s t i n g  p i p e .  

The a n a l y s i s  showed t h e  fol lowing:  

o  P igging  t h e  e x i s t i n g  f o r c e  main t o  produce a "C" f a c t o r  
of  120 would n o t  meet t h e  c r i t e r i a  (nor  r e p l i c a t e  t h e  
o r i g i n a l  system c o n d i t i o n s ) .  

o Replacing t h e  p o r t i o n  o f  t h e  f o r c e  main t h a t  is 
downstream o f  t h e  Woodbine Way tee us ing  24-inch- 
d iameter  d u c t i l e  i r o n  p i p e  would reduce head l o s s e s  
enough t o  meet t h e  c r i t e r i a  bu t  would r e s u l t  i n  a  
minimum f o r c e  main v e l o c i t y  below 1 .0  f p s .  



o ,Replacing a portion of force main using HDPE pipe wi th  
an inside diameter of 14.7  inches (a nominal "18-inch- 
diameter*' HDPE pipe) would reduce head losses enough t o  
meet the c r i t e r i a  while allowing a minimum velocity of 
2.0 fps t o  be maintained. In t h i s  case, t h e  length of 
force main replaced could be limited t o  2,060 fee t ,  the 
distance from the Woodbine Way t ee  t o  the new section of 
force main being ins ta l led  in  the Carkeek Transfer/CSO 
F a c i l i t i e s  Project. This i s  the recommended 
a l te rna t ive .  

RECOMMENDATION -- PARTIAL FORCE MAIN REPILACEMENT 

ESD recommends tha t  Metro reduce head losses in  the  system by 
replacing 2,060 l inea l  fee t  of i t s  own force main downstream 
from the  Woodbine Way connection. This portion of force main 
i s  located in  a f l a t  open area of tKe park near the  treatment 
plant.  Pa r t i a l  force main replacement using HDPE pipe or a 
pipe w i t h  s imilar f r i c t ion  character is t ics  would do the 
following: 

o Reduce l iquid levels  in  the C i t y  l ines  rather  than 
merely accommodating them. 

o Create hydraulic conditions i n  the park similar t o  the  
or iginal  condit.ion of the system. 

o . Decrease the sens i t iv i ty  of the system.to var iat ions in  
flow. 

o Provide an acceptable option for the City. 

o Reduce working pressures a t  the North Beach Pump Station 
t o  more reasonable levels.  

I f  t h i s  portion of the force main were replaced, the system 
could accommodate the 10-year peak flow without reaching the  
C i t y  manhole l i d s . '  MH No. 002 on  the Woodbine Way l ine  would 
have t o  be sealed t o  accommodate the 25-year peak flow, 
allowing a pressure head of about 4 fee t  t o  develop. Sealing 
t h i s  manhole would create no r i s k  t o  upstream homes, because 

' t he re  is another manhole 60 feet  higher (ver t ica l ly)  
upstream. MH No. 154 and MH No. 155 on the  NW 117th  S t ree t  
1ine.would a l so  have t o  be sealed t o  accommodate the 25-year 
flow, allowing a pressure head of about 2 fee t  t o  develop. A 
new manhole should be ins ta l led  a short distance up the h i l l  
from the  sealed manholes t o  protect .hi l l top homes during 
emergency conditions. 

To maintain a m i n i m u m  velocity of 2.0 fps i n  the force main, 
the new Pumps 3 and 4 i n  the  North Beach s ta t ion  would have a 
capacity of 1,050 gpm rather  than 900 gpm. The motors would 



be sized t o  allow a 13-minute cycling time i n  the exis t ing 
wet well control scheme. 

The estimated construction cost of a p a r t i a l  force main 
replacement is $505,057. Construction issues are  summarized 
in  Section 7 .  

RECOMMENDED PLOW MONfTORING 

Metro should monitor flows in  the  City's gravity l ines  pf ior  
t o  f i n a l  design of the p a r t i a l  force main replacement and the 
pump s ta t ion  upgrade. T h i s  would allow Metro t o  estimate the  
l iquid levels  tha t  would occur i n  these l i n e s  during large 
storms, including the 25-year event, Metro should a lso  
consider the ef fec ts  of the one-year gravity l i n e  flow on the 
upgraded pump stat ion, .  because the upgraded s ta t ion  must  
control overflows t o  one per year. 

Metro's flow estimates for these l ines  have not been 
validated by any actual  flow data. The City 's  only gauging 
data f o r  the Woodbine Way l ine  were recorded in  1983, before 
the stormwater separation project  was i n i t i a t e d .  The data 
indicated peak flows exceeding 3 mgd, pr ior  t o  separation. 

Three years of new gravity l i n e  data w i l l  be required i n  
order t o  estimate the 25-year gravity l ine  flow, T h i s  data 
could be correlated wi th  the  longer gauging record from the  
North Beach Pump Station t o  a id  i n  estimating the  recurrence 
intervals  of events. 



SECTION 6 .-- EVALUATION OF SXSTEM ALTERNATIVES 

After ESD determined feasible  combinations of storage volume 
and pump stat ion capacity tha t  would reduce overflows a t  the 
North Beach s ta t ion  t o  one per year, it grouped these 
combinations in to  al ternat ives  and compared them t o  determine 
how best  t o  control overflows a t  the s ta t ion.  The comparison 
assumed that  the improvements would be constructed in  two 
phases and tha t  head losses i n  the system would be reduced 
via p a r t i a l  force main replacement before the s t a t ion  i s  
upgraded (see Section 5) . 
The 1988 Carkeek f a c i l i t y  plan considered reducing overflows 
t o  one per year by upgrading the North Beach s ta t ion  and 
force main t o  handle the estimated one-year peak flow without 
storage, but did not recommend t h i s  a l ternat ive.  ESD b r i e f ly  
reviewed t h i s  ,concept, given Metro's revised one-year peak 
'flow,estimate and system head curve, t o  ver ify t h a t  
constructing storage and upgrading the s ta t ion  i s  s t i l l  the 
best approach. 

Four a l te rna t ive  approaches t o  overflow reduction a t  the 
s t a t ion  were developed, assuming that  improvements would be 
constructed i n  two phases and tha t  the effectiveness and 
impacts of Phase 1 would be taken into account. 

~ l t e r n a t i v e s  were developed for  two pump s ta t ion  capacit ies:  
4.5 rngd and 5.0 mgd. Alternatives involving a s t a t ion  
capacity of 4.0 rngd were eliminated when preliminary 
calculations indicated tha t  more than 252,000 gallons of 
storage would be required. This  represents an excessive 
reliance on storage rather  than pumping. It would a lso  be 
d i f f i c u l t  t o  construct a basin t h i s  s ize  a t  t h i s  North Beach 
s i t e .  The 1988 study proposed construction of a 280,000- 
gallon storage basin w i t h  extensive rerouting of exis t ing 
u t i l i t e s ,  but a f i e l d  survey conducted in  1989 revealed tha t  
the sewer main in  Triton Drive i s  closer t o  Metro's s i t e  than 
was assumed in  the 1988 layout. The 4.0 rngd option would 
a lso  be l e s s  economical. The larger storage basin would be 
more expensive and disruptive t o  construct than a 140,000- 
gallon basin, while a 4.0 rngd s ta t ion  would require 
comparable f a c i l i t e s  t o  a 4.5 rngd s tat ion.  

The maximum pump s ta t ion  capacity.considered was 5 .0  mgd, ,' 

based on a maximum allowable velocity of 8 fps in  the North 
Beach force main. The TDH for  each al ternat ive was computed 
assuming p a r t i a l  force main replacement. 



Definition of Station Capacity 

The output of the pump stat ion i s  affected by the  branch flow 
from the City's gravity l ines .  ESD computed hydraulic grade 
l ines  and system head values for  various combinations of pump 
s ta t ion  flow and branch flow. The pump curves f o r  
Worthington Type MF solids-handling pumps were used t o  
estimate the ef fec ts  of the gravity l ine  flow on pump s ta t ion  
output, 

Because the upgraded s tat ion must control overflows t o  one 
' 

per year, ESD equated the pump stat ion ncapacity" values from 
the hydrologic study t o  the capacity of the s ta t ion  a t  the  
moment when the Woodbine Way l ine  is experiencing a one-year 
peak flow. This report defines a " 4 . 5  mgd-capacity station1q 
as  one tha t  produces 4 . 5  mgd when the gravity l i n e  is  flowing 
a t  1 . 0  mgd. This s ta t ion  would have a capacity of 
approximately 4 . 6  mgd when gravity l ine  flows are  negligible.  
Actua1,conditions would vary between these two l i m i t s  
throughout the  wet season. The result ing variation in  TDH 
would be minor for  the type of new pump tha t  was assumed i n  
predesign . 
Summary of Sy8tem Alternatives 

Table 1 0  summarizes the  al ternat ives  that  were compared and 
the effectivness of each in  reducing the number of overflows 
a t  the s ta t ion .  

DISCUSSION OF EVALUATION CRITERIA 

T h i s  subsection provides background d e t a i l  on several  of the 
factors  tha t  were included in  the comparison of a l te rna t ives .  

Phascs: 1 Cost8 and Effectiveness 

WPCD indicated tha t  the  selected al ternat ive should achieve a 
s ignif icant  reduction i n  overflows in  Phase 1. The 
evaluation of a l ternat ives  considered the costs, impacts, and 
effectiveness of the Phase 1 improvements, a s  well a s  t h e  
costs, impacts, and effectiveness of the ultimate combination 
of improvements. 

The Washington State  Department of Ecology (Ecology) 
regulates CSO's based on the number of events per year, w i t h  
an ultimate goal of one event per year. Metro's interim 
agreement with Ecology, which is  based on CSO volumes, does 
not include the North Beach Pump Station. Reducing the 
number of overflow events per year is therefore the  c r i t i c a l  
goal i n  Phase 1 as  well as Phase 2 .  



Table 10 
Summary of System Al ternat ives  

Phase 1 -- Upgrade pump stat ion t o  4 . 5  mgd capacity, with 
pa r t i a l  force main replacement. 

.Reduce overflows from 18 t o  9 per year. 

Phase 2 -- Construct a 140,000-gallon storage basin. 

Reduce overflows from 9 t o  1 per year. - 
Phase 1 -- Construct a 140,000-gallon storage basin. 

Reduce overflows from 18 t o  4 per year. 

Phase 2 -- Upgrade pump stat ion t o  4.5 mgd capacity, with 
p a r t i a l  force main replacement. 

Reduce overflows from 4 t o  1 per year. 

Phase 1 -- Upgrade pump stat ion t o  5.0 mgd capacity, with 
pa r t i a l  force main replacement. 

Red.uce overflows from 18 t o  5 per year. 

Phase 2 -- Construct a 75,000-gallon storage basin. 

Reduce overflows from 5 t o  1 per year. 

Phase 1 -- Construct a 75,000-gallon storage basin. 

Reduce overflows from 18 t o  6 per year. 

Phase 2 -- Upgrade pump stat ion t o  5.0 mgd capacity, with 
p a r t i a l  force main replacement. 

Reduce overflows from 6 t o  1 per year. 



With regard 'to overflow control, a pump s ta t ion  upgrade i s  
more ef fec t ive  i n  reducing annual overflow volumes, but a 
storage basin i s  more effect ive in  reducing the number of 
overflow events per year. This  occurs because a s t a t ion  
upgrade and a storage basin control overflows i n  d i f ferent  
ways. Constructing storage would be the more cost-effective 
way t o  reduce the number of overflows in  Phase 1. 

WPCD indicated tha t  the ultimate combination of improvements 
should emphasize pumping rather than storage, i f  costs  and 
other factors  a re  similar.  

Station and P o r c e  Wain P r e s u u r e s  

If  the North Beach Pump Station were upgraded t o  pump 4.0 mgd 
or more, the force main would be subjected t o  higher working 
pressures than it was designed for  (see Section 3 ) .  This may 
be acceptable, because force main piping i s  typical ly  
constructed t o  withstand pressures much,higher than the 
working pressure. However, corrosion may have reduced the 
ef fec t ive  strength of the 31-year-old force main. The 1989 
inspection examined the  pipeline a t  three locations.  In one 
location, p i t t i n g  from corrosion had occurred, reducing the  
pipe wall thickness. 

There is some uncertainty regarding the or iginal  thickness of 
the pipeline.  The contract documents for  the force main 
contract cal led for Class 100 (ps i )  or Class 150 (ps i )  pipe, 
depending on pipe elevation and depth. The force main 
inspection conducted i n  1989 revealed tha t  the  ins ta l l ed  pipe 
did not exactly match specifications, however. The portions 
studied appeared t o  have an or iginal  wall thickness greater  
than specified.  The portion of force main on the pump 
s ta t ion  s i t e  may have been designed for  a working pressure of 
80 p s i  (185 f e e t )  and a t e s t  pressure of 315 ps i ,  according 
t o  the specifications for  tha t  contract. 

Table 11 shows the estimated system head and TDH for  upgraded 
s ta t ion  capacit ies of 4.0 mgd, 4 . 5  mgd, and 5.0 mgd, assuming 
p a r t i a l  force main replacement. 



. 
Table 11 

Pressure Head Comparison 

S ta t ion  Branch System Estimated 
Capacrity T ~ O W  E8e.d TDH 

Jm2d.L (mad) .LaA Iftl_ 

S t a t i o n  
Design 4.2 0.0 -- 96 

t xi sting 
S t a t i o n  3.4 0.0 102 -- 
Test  

Upgraded 
Stat ion*  4.0/4.1 0.0/1.0 12 6 132 

Upgraded 
S ta t ion*  4.5/4.6 0.0/1.0 14 6 153 

Upgraded 
S ta t ion*  5.0/5.1 O.O/I.O 17 6 185 

* With p a r t i a l  f o r c e  main replacement completed.  

A s  shown i n  Table 11, i f  t h e  pump s t a t i o n  were upgraded t o  
5.0 mgd, t h e  r e s u l t i n g  system'head and TDH would exceed 175 
feet .  The f o r c e  main would be o p e r a t i n g  under a working 
p r e s s u r e  a lmost  twice as g r e a t , a s  t h e  des ign  working 
p r e s s u r e .  The f o r c e  main v e l a c i t y  of  8 f p s  would i n t r o d u c e  
a d d i t i o n a l  r i s k ,  because t h e  maximum p r e s s u r e s  t h a t  occu r  i n  
a f o r c e  main du r ing  a h y d r a u l i c  t r a n s i e n t  event  are d i r e c t l y  
r e l a t e d  t o  the v e l o c i t y  of f l o w .  

. . 
ESD recommends l i m i t i n g  t h e  c a p a c i t y  of  t h e  North Beach 
s t a t i o n  t o  4.5 mgd. This  w i l l  l i m i t  t h e  working p r e s s u r e  i n  
t h e  f o r c e  main t o  about  150 f e e t .  

During f i n a l  des ign  o f  t h e  pump s t a t i o n  upgrade, Metro should  
conduct a d e t a i l e d  h y d r a u l i c  t r a n s i e n t  a n a l y s i s  t o  de te rmine  
t h e  maximum p r e s s u r e s  t h a t  w i l l  occur  i n  t h e  f o r c e  main and 
t o  des ign  measures t h a t  w i l l  minimize t h i s  r i s k .  I n  
a d d i t i o n ,  Metro should conduct some a d d i t i o n a l  f i e l d  
i n s p e c t i o n  o f  t h e  f o r c e  main, and perform a t h e o r e t i c a l  
s t r e n g t h  a n a l y s i s  of  t h e  e x i s t i n g  p ipe ,  t o  a s s e s s  t h e  r i s k  
a s s o c i a t e d  wi th  a pump s t a t i o n  upgrade.  



COWPARISON OP SYSTEM ALTERNATIVES 

This subsection describes the advantages and disadvantages of 
the four system alternatives. 

A l t e r n a t i v e  A 

Phase 1 -- Upgrade station to 4.5 mgd capacity, with partial 
force main replacement. 

Phase 2 -- Construct a 140,000-gallon storage basin. 
Advantages 
o This combination maximizes the use of pumping to achieve 

1 overflow per year, while keeping force main pressures 
within the recommended limits. 

o The aging equipment in the station would be replaced in 
Phase 1. (Some ancilliary equipment in the station may 
require replacement in the near future,) 

o The need for storage basin maintenance would be 
postponed. 

Disadvantages 
o This alternative is the least effective in Phase 1, 

reducing the number of overflows to 9 per year. 

o Phase 1 cost is greater than for Alternative B (see 
Section 7). 

Alternative B 

Phase 1 -- Construct a 140,000-gallon storage basin. 
Phase 2 -- Upgrade station to 4 . 5  mgd capacity, with partial 

force main replacement. 

Advantages 
o This combination maximizes the use of pumping to achieve 

1 overflow per year, while keeping force main pressures 
within the recommended limits. 

o This alternative is the most effective in Phase 1, 
reducing overflows to 4 per year. 

o Phase 1 cost and cost-per-overflow are lower than for 
Alternative A (see Section 7) . 

o Phase 1 construction would be limited to Metro's 
property and adjacent street right-of-way. Construction 
in Carkeek Park would be postponed. 



o The r i s k  associated with operating the force main a t  
higher working pressures'would be postponed. 

o Use of the  storage basin could eliminate the need fo r  
bypassing flow during construction a t  the s t a t ion  and 
could prevent emergency overflows during Phase 2 
construct ion. 

A l t e r n a t i v e  C 

Phase 1 -- upgrade s tat ion t o  5.0 mgd capacity, wi th  p a r t i a l  
force main replacement. 

Phase 2 -- Construct a 75,000-gallon storage basin. 

Advantages 
o This,cornbination would maximize the use of pumping. 

o ' The aging equipment i n  the s ta t ion would be replaced in  
Phase 1. (Some anci l l ia ry  equipment may require 
replacement in  the near future.  1 

o The need for  storage basin maintenance would be 
postponed. 

Disadvantages 
o T h i s a l t e r n a t i v e h a s  thehighes t  c o s t i n P h a s e 1 ,  

o A flow of 5.0 mgd represents a l imiting acceptable 
velocity of 8 fps .  Head losses begin t o  increase 
s igni f icant ly  i n  t h i s  flow range. 

o A flow of 5.0 mgd would create working pressures in  the 
force main that exceed the recommended l i m i t s .  

o The design veloci t ies  i n  the s t a t ion ' s  suction and 
discharge piping are  s l igh t ly  higher than current 
guidelines recommend, but have proved acceptable through 
operation. A flow of 5.0 mgd would introduce r i s k  by  
increasing these veloci t ies .  

A l t e r n a t i v e  D 

Phase 1 . -- Construct a 75,000-~allon storage basin. 
Phase 2 -- Upgrade s ta t ion  t o  5.0 mgd capacity, w i t h  p a r t i a l  

force main replacement. 

Advantages 
o This combination would maximize the use of pumping. 

o This a l te rna t ive  has the lowest cost i n  Phage 1 of a l l  
the  a l te rna t ives .  



o Phase 1 construction would be limited t o  Metro's 
property and adjacent s t r e e t  right-of-way. Construction 
i n  Carkeek Park would be postponed. 

o The r i s k  associated with operating the force main a t  
higher working pressures would be postponed. 

o Use of the  storage basin could eliminate the need for  
bypassing flow during construction a t  the s ta t ion  and 
could prevent emergency overflows during construction a t  
the  s t a t ion  and the force main. 

Disadvantages 
o I f  a 75,000-gallon storage basin is constructed now, 

assuming a future upgrade t o  5.0 mgd, l i t t l e  f l e x i b i l i t y  
remains. fo r  changing conditions i n  the future.  This may 
introduce some r i s k  of not achieving 1 overflow per 
y.ear . 

o A flow of 5.0 mgd represents a l imit ing acceptable 
velocity of 8 fps.  Head losses begin t o  increase 
s igni f icant ly  i n  t h i s  flow range. 

o A'flow of 5.0 mgd would create working pressures i n  the 
force main that  exceed the recommended l imi ts .  

o The design veloci t ies  i n  the s t a t ion ' s  suction and 
discharge piping are  s l igh t ly  higher' than current 
guidelines recommend, but have proved acceptable through 
operation. A flow of 5.0 mgd would introduce r i s k  by 
increasing these veloci t ies .  

RECOMMENDED ALTERNATIVE 

ESD.recommends Alternative B as the best  approach t o  
controll ing overflows a t  the North Beach s ta t ion .  Phase 1 
provides a cost-effective, substant ia l  reduction i n  the 
number of overflows. The ultimate combination provides the 
best balance of storage volume and pumping capacity. 



I INVESTIGATION OF PEAK FLOW PUMPING ALTERNATIVES 

T h i s  subsection describes ESD1s review of two a l te rna t ives  t o  
upgrade the s ta t ion  and force main t o  handle the estimated 
one-year peak flow. The review was conducted t o  make sure 
tha t  the selected al ternat ive is  the most feasible  approach, 
.given t h a t  peak flow and system head curve estimates were 
revised since peak flow pumping was l a s t  considered. 

New N o r t h  B e a c h  Pump S t a t i o n  and F o r c e  Main 

I n  addition t o  considering al ternat ives  for  s ta t ion  upgrade 
and storage, the  1988 f a c i l i t y  plan considered construction 
of a new North Beach s ta t ion  and force main sized for  an 
estimated one-year peak flow of 9.0 mgd. This a l te rna t ive  
was abandoned in  the 1988 study because of concerns about 
implementation in  a shoreline zone. To construct a new force 
main with a greater capacity within the shoreline zone, Metro 
would have t o  demonstrate tha t  no reasonable a l te rna t ive  
exis t s .  The proposed storage basin and s ta t ion  upgrade 
represents a reasonable al ternat ive.  

Moreover, the  1989 force main investigation (see Section 1) 
concluded tha t  the force main along the shoreline is  in  good 
condition and t h a t , t h e r e  is  no need t o  replace it ( a t  i t s  
exis t ing capacity) a t  t h i s  time. 

The 1988 study recommended constructing storage and upgrading 
the North Beach s ta t ion  t o  5.0 mgd. The Carkeek plant was 
subsequently designed for  a maximum input of 5 .0  rngd from 
North Beach. 

.Brown and Caldwell updated cost data from the  1988 study t o  
develop a 1992 cost estimate for  a 9.0 rngd s ta t ion  and force 
main. . The cost is substantially higher, than the cost of the  
proposed approach. 

When considering construction of a new s ta t ion  and force main 
t o  handle the revised one-year flow of 7 .0  mgd, the  same 
concerns about implementation in  the shoreline zone s t i l l  
apply 

R e r o u t i n g  E x c e s s  F l o w s  t o  the 8 t h  A v e n u e  F o r c e  Main 
T h r o u g h  a New Pump S t a t i o n  and F o r c e  Main 

ESD br ie f ly  investigated another concept fo r  peak flow 
pumping t h a t  was suggested by Metro s t a f f  a f t e r  the  1988 
study. T h i s  concept involves two elements: (1) continued 
operation of the  existing force main t o  carry 3.0 t o  4 . 5  rngd 
and the City gravity l ine  flows t o  the Carkeek plant,  and (2)  
a new force main t o  carry peak flows.of up t o  4 . 0  rngd eas t  
over the h i l l  t o  the 8th Avenue force main, which w i l l ' c a r r y  



secondary- t ransfer  f lows from t h e  new Carkeek Pump S t a t i o n  t o  
t h e  West Po in t  p l a n t .  

The 8 t h  Avenue f o r c e  main is  s i z e d  t o  c a r r y  4.0 mgd more t h a n  
i t s  des ign  flow, but  doing t h i s  may have CSO i m p l i c a t i o n s  for 
t h e  C i t y  c o l l e c t i o n  system. The North Beach i n p u t  would be 
accommodated by ope ra t ing  t h e  Carkeek Pump S t a t i o n  and new 
North Beach pump s t a t i o n  i n  a coord ina t ed  manner t o  reduce 
Carkeek t r a n s f e r s  when t h e  North Beach s t a t i o n  i s  ope ra t ing ;  
by modeling f lows i n  t h e  system i n  d e t a i l  and n e g o t i a t i n g  
wi th  the C i t y  regard ing  CSO impl i ca t ions ;  o r  by a combination 
o f  t h e s e  two approaches.  

Th i s  concept  has p o t e n t i a l  advantages.  Assuming a peak f low 
of 7.0 mgd and depending on t h e  exac t  f lows t h a t  may be 
t r a n s f e r r e d  i n  each d i r e c t i o n ,  t h i s  concept  would e l i m i n a t e  
t h e  need .for a s t o r a g e  basin ,  and might e l i m i n a t e  t h e  need t o  
modify t h e  e x i s t i n g  f o r c e  main. 

Th i s  concept  h a s  p o t e n t i a l  d i sadvantages  a s  we l l .  It would 
r e q u i r e  e i t h e r  a new s t a t i o n  ad j acen t  t o  t h e  e x i s t i n g  one, 
which would o p e r a t e  on ly  dur ing  times of peak f l o w ,  o r ,  more 
l i k e l y ,  a new s t a t i o n  a t  t h e  North Beach s i t e  t h a t  would pump 
t o  bo th  force mains. The new f o r c e  main would be a t  l e a s t  
6,100 f e e t  long  and would o p e r a t e  on ly  du r ing  times o f  peak 
f l o w .  The s t a t i c  l i f t  ( h i l l  h e i g h t )  f o r  a shal low f o r c e  main 
ove r  t h e  h i l l  would be g r e a t e r  t h a n  300 f e e t .  The l a s t  
p o r t i o n  o f  t h e  main would drop  back down about  100 f e e t  t o  
d i scha rge  i n t o  t h e  8 t h  Avenue f o r c e  main. E l imina t ing  t h e  
100-foot d rop  would r e q u i r e  about  4,000 feet of  t u n n e l  
c o n s t r u c t i o n .  (The h y d r a u l i c s  a t  t h e  p o i n t  o f  d i scha rge  t o  
t h e  8 t h  Avenue f o r c e  main were n o t  i n v e s t i g a t e d . )  

Th i s  concept would involve  c o n s t r u c t i o n  of .new pumping 
f a c i l i t i e s  i n  a very c o n s t r a i n e d  l o c a t i o n  i n  a s ing le - f ami ly  
zone. Moreover, t h e  concept i nvo lves  a t o t a l  dynamic l i f t  of  
w e l l  ove r  300 f e e t .  An a d d i t i o n a l  b o o s t e r  pump s t a t i o n  would 
probably b e  r e q u i r e d  t o  c a r r y  f lows  over  the h i l l .  ESD did 
no t  p r e p a r e  a d e t a i l e d  c o s t  estimate f o r  t h i s  concept ,  b u t  
b e l i e v e s  it would be s i g n i f i c a n t l y  more expensive and more 
d i f f i c u l t  t o  implement t han  t h e  proposed a l t e r n a t i v e .  

ESD concurs  with.Brown and Caldwell  t h a t  i n c r e a s i n g  pump 
s t a t i o n  c a p a c i t y  and c o n s t r u c t i n g  a s t o r a g e  b a s i n  is t h e  b e s t  
approach t o  c o n t r o l l i n g  overf lows a t  t h e  North Beach s t a t i o n .  
Metro 's  r e v i s e d  one-year peak f low e s t i m a t e  does n o t  a l t e r  
t h i s  conc lus ion .  



SECTION 7 -- DESCRIPTION OF RECOMMENDED FACILITIES 

I n  Phase  1, Metro w i l l  c o n s t r u c t  a 140,000-gallon s t o r a g e  
b a s i n  a t  t h e  s i te  of  t h e  North Beach s t a t i o n  (F igu re  6 ) .  The 
e s t i m a t e d  c o n s t r u c t i o n  c o s t  of  Phase 1 i s  $1,180,400. The 
e s t i m a t e d  t o t a l  c o s t  o f  Phase 1 is  $1,602,400. 

P h a s e . 1  w i l l  reduce t h e  f requency of over f lows  from 1 8  t o  4 
per yea r ,  and  w i l l  reduce t h e  volume o f  over f lows  from 1 .9  t o  
1 .0  MG p e r  y e a r .  

I n  Phase  2, Metro w i l l  upgrade t h e  North Beach s t a t i o n  t o  a 
c a p a c i t y  o f  4 . 5  mgd (F igure  7)  and  w i l l  i n s t a l l  new p i p e  t o  
r e p l a c e  2,060 l i n e a l  f e e t  o f  t h e  North Beach f o r c e  main 
w i t h i n  Carkeek Park.  The e s t i m a t e d  c o n s t r u c t i o n  c o s t  of  
Phase 2 i s  $1,391,500. The e s t i m a t e d  t o t a l  c o s t  of Phase  2 ' 

is  $1,875,200. 

Phase 2 w i l l  r educe  t h e  f requency of over f lows  from 4 t o  1 
p e r  yea r ,  and w i l l  reduce t h e  overf low volume from 1 . 0  t o  0.2 
MG p e r  y e a r .  

The cost o f  Phase  2 i n c l u d e s  a t o t a l  cost o f  $661,600 f o r  
p a r t i a l  f o r c e  main replacement and  a t o t a l  c o s t  o f  $1,213,600 
f o r  t h e  pump s t a t i o n  upgrade.  The c o s t  o f  f o r c e  main 
replacement  i n c l u d e s  t h e  c o s t  o f  s i te  r e s t o r a t i o n ,  b u t  does  
n o t  i n c l u d e  t h e  c o s t  o f  any s p e c i a l  m i t i g a t i o n  measures t h a t  
t h e  C i t y  might r e q u i r e .  The c o s t  of  t h e  pump s t a t i o n  upgrade 
does  n o t  i n c l u d e  t h e  cost of  r e p l a c i n g / r e l o c a t i n g  t h e  
underground f u e l  t ank  on t h e  si te;  t h i s  t a n k  is schedu led  f o r  
replacement  i n  1993 as p a r t  of a s e p a r a t e l y  funded c a p i t a l  
program. 

D e t a i l e d  c o s t  estimate summaries are p rov ided  i n  Appendices B 
and C.  A l l  c o s t s  are shown i n  1993 d o l l a r s .  T o t a l  c o s t s  
i n c l u d e  c o n s t r u c t i o n  c o s t s  and a l l i e d  costs. ( A l l i e d  costs 
do n o t  i n c l u d e  p r edes ign  costs or WPCD staff  c o s t s . )  

PHASE 1 -- DESCRIPTION 

The proposed s t o r a g e  ba s in ,  which i s  shown i n  F i g u r e s  6 and  
8, h a s  a s t o r a g e  volume of  140,000 g a l l o n s  a t  a maximum 
l i q u i d  d e p t h  o f  20 f e e t .  A r e c t a n g u l a r  w e i r  opening w i l l  b e  
c o n s t r u c t e d  i n  t h e  w a l l  o f  the e x i s t i n g  s t a t i o n  t o  allow 
l i q u i d  t o  ove r f l ow  t o  t h e  s t o r a g e  b a s i n  from t h e  e x i s t i n g  w e t  
w e l l .  Overf lows from t h e  w e t  w e l l  w i l l  e n t e r  t h e  s t o r a g e  
b a s i n  t h rough  a c o n c r e t e  over f low d u c t .  The b a s i n  w i l l  
i n i t i a l l y  b e  u sed  an  average  of 18  times p e r  y e a r .  A f t e r  
Phase 2, t h e  b a s i n  w i l l  be used about  9 times p e r  y e a r .  
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The weir elevation and width w i l l  be s e t  t o  balance several  
design factors ,  The weir should be as  high as  possible above 
elevation 120.76, where the follow 75-hp pump comes on, t o  
allow maximum use of the pumps and t o  minimize unecessary 
overflows, Existing wet well level  data should be examined 
during f i n a l  design t o  estimate the frequency of various wet 
well leve ls .  The weir should a lso  be low enough and wide 
enough t o  allow liquid t o  overflow without reaching the level  
of the exis t ing wet well overflow weir a t  elevation 122.83, 
The weir w i l l  be located a t  the discharge end of the exis t ing 
g r i t  channel, where the  wall thickness i s  a t  a minimum. The 
prac t ica l  width of the weir w i l l  be limited by the concrete 
shelves on e i the r  side of the weir location. 

The storage basin i s  expected t o  f i l l  t o  i t s  maximum level  
four times per year wi th  a 3.4-mgd pump s ta t ion  (Phase l ) ,  
and once per year w i t h  a 4.5-mgd pump s ta t ion  (Phase 2 ) .  The 
l iquid  level would r i s e  above the storage basin inf luent  weir 
when the  basin i s  f u l l .  Excess l iquid w i l l  flow over the  
exis t ing wet well weir and discharge through the exis t ing  
pump s ta t ion  ou t fa l l .  

A return-flow l i f t  s ta t ion  w i l l  be constructed next t o  the 
storage basin. The l i f t  s ta t ion  w i l l  pump stored l iquid  out 
of the storage basin and in to  the pump s ta t ion  wet well a f t e r  
each storm. The predesign cost estimate is based on a duplex 
s t a t ion  with Flygt CP-3127 submersible pumps and a return- 
flow r a t e  varying from 600 t o  1,200 gpm during pumpout. 
Level measurements i n  the pump stat ion and l i f t  s ta t ion  wet 
wells w i l l  control the operation of the l i f t  s ta t ion  pumps. 
To minimize variations i n  return flow rate ,  one l i f t  s t a t ion  
pump w i l l  operate a t  high l iquid levels and the second pump 
w i l l  be activated a f t e r  the l iquid level has dropped. 

The control panel fo r  the return-flow l i f t  s ta t ion  w i l l  be 
located above ground in  Phase 1, because there i s  no space 
available in  the  existing s ta t ion .  The control panel w i l l  be 
approximately 42 inches high and 36 inches wide, and could be 
located as  shown i n  Figure 6 .  The panel w i l l  be relocated t o  
the new pump s ta t ion  e lec t r i ca l  room i n  Phase 2 .  A smaller 
power panel w i l l  serve the storage basin supply and exhaust 
fans, the storage basin lighting, and the l i f t  s t a t ion  
controls (duplex s t a r t e r  and electronic cont ro ls ) .  Th i s  
panel would a l s o  be located above ground in  Phase 1 and 
relocated t o  the  new e lec t r i ca l  room i n  Phase 2 .  

Metro operations s t a f f  have indicated tha t  manual cleaning of 
the basin would be appropriate. The predesign cost estimate 
assumes the use of two Stang 'AA Series water monitors f o r  
cleaning. The water monitors, which w i l l  be mounted on the  
grating walkway shown in.Figure 8, w i l l  each discharge 350 
gpm a t  80 p s i  through a 1-1/2-inch nozzle. Pressure 
information from the Seat t le  Water Department indicates tha t  



the desired discharge pressure can be provided a t  the basin 
without booster pumps. ' 

Some other features of the proposed storage basin are  a s  
follows : 

o Rounded f i l l e t s  a t  wall and floor corners, t o  f a c i l i t a i e  
cleaning 

o , A walkway grating around the perimeter 

o Good lighting, t o  f a c i l i t a t e  cleaning 

o Constant ventilation a t  a ra te  of 1 2  a i r  changes per 
hour (per NFPA 820) 

o Two above-ground fans located more than 20 f ee t  from 
, ~ e t r o ' s  south ("front yardm) property l ine  

ESD does not propose t o  i n s t a l l  odor control a t  the North 
Beach f a c i l i t y .  The existing s ta t ion  does not experience 
odor problems. The proposed storage basin w i l l  be used 
intermittently,  for  d i lu te  winter stgrmweather flows. And, 
a f t e r  Phase 2, the basin w i l l  be used only 9 times a year. 

PfIASE 1 -- CONSTRUCTION ISSUES 

Protection of the exis t ing pump stat ion structure,  portions 
of which were constructed in  1948, w i l l  be c ruc ia l  during 
construction of the  storage basin. I n  addition, the l o t  
southwest of the  pump s ta t ion  has an exis t ing house i n  the  
northeast corner (near the pump s ta t ion ' s  parking l o t )  and a 
garage tha t  is located only several fee t  from Metro's 
property l ine  (near the  location of Phase 1 construct ion) .  

Geotechnical and s t ruc tura l  investigations should be . 

conducted a t  an early stage of f ina l  design t o  define 
dewatering and excavation shoring.requirements and t o  define, 
i f  necessary, any recommended a l te ra t ions  i n  the shape or  
location of the storage basin. 

~ons t ruc t ion  of the  storage basin w i l l  require temporary 
relocation of Metro's exis t ing bus stop and temporary closure 
of the "bus lane" on Triton Drive NW. 

The northwest portion of Metro's s i t e  is c las s i f i ed  as  .Urban 
Residential Shoreline Environment, but t h i s  would not 
preclude the use of t h i s  area fo r  contractor staging. 



PHASE 2 -- PARTIAL FORCE MAIN REPLACEWENT 
, . 

The proposed Phase 2. improvements i nc lude  t h e  fo l lowing  
p i p e l i n e  modzlfications: 

o Replacing 2,060 f e e t  of  e x i s t i n g  f o r c e  main wi th  new 
p i p e .  The predesign cost e s t i m a t e  i s  based on t h e  use' 
of HDPE p i p e .  

o Modifying C i t y  MH No. 002 (Woodbine.Way l i n e ) ,  MH N o .  
155, and MH N o .  1 5 4  (NW 117th S t r e e t  l i n e )  t o  a l l o w  
p r e s s u r e  flow dur ing  ' l a rge  storms. 

o I n s t a l l i n g  a new manhole upstream of C i t y  MH 154. 

o Plugging the-abandoned C i ty  p i p e l i n e  t h a t  connec ts  t o  
. Metro ' s  f o r c e  main a long  t h e  s h o r e l i n e  3,850 f e e t  

downstream of  t h e  North Beach s t a t i o n .  

The e x a c t  a l ignment  o f  t h e  new f o r c e  main w i l l  be determined 
i n  f i n a l  des ign .  West of t h e  Carkeek Treatment P l a n t  s i te ,  
t h e  new p i p e l i n e  w i l l  l i k e l y  be  i n s t a l l e d  p a r a l l e l  t o  and  
n o r t h  of t h e  e x i s t i n g  f o r c e  main. I n s i d e  t h e  t r ea tmen t  p l a n t  
site, t h e  new main w i l l  l i k e l y  b e  l o c a t e d  sou th  o f  t h e  
e x i s t i n g  main. The easternmost  200 f e e t  of  new p i p e  w i l l  
have t o  be  i n s t a l l e d  i n  t h e  same alignment a s  t h e  e x i s t i n g  
p ipe ,  r e q u i r i n g  bypass pumping dur ing  c o n s t r u c t i o n .  

A s t e e p  road bank is  l o c a t e d  n o r t h  ~f t h e  Woodbine Way tee .  
I f  ground c o n d i t i o n s  n e c e s s i t a t e ,  a new tee may need t o  be 
l o c a t e d  e a s t  of t h e  e x i s t i n g  tee. A t  t h e  e x i s t i n g  NW 117 th  
S t r e e t  tee, a replacement va lve  s t r u c t u r e  w i l l  b e  i n s t a l l e d .  
Cross ing  P i p e r s  Creek, t h e  new main w i l l  be p l aced  i n  a bored 
o r  jacked c a s i n g  t o  avoid  d i s t u r b i n g  t h e  c r eek .  A t  t h e  w e s t  
e n t r a n c e  t o  t h e  t r ea tmen t  p l a n t ,  t h e  new main w i l l  l i k e l y  be 
rou ted  th rough t h e  e n t r y  d r ive ,  o r  p l aced  i n  a bo red  o r  
jacked c a s i n g  t o  avo id  d i s t u r b i n g  t h e  w a l l  t h a t  i s  be ing  
c o n s t r u c t e d  a s  p a r t  o f ' t h e  Carkeek p l a n t  upgrade.  E x i s t i n g  
p l a n t  u t i l i t i e s  and l imited cons t ruc t ion  space  w i l l  make t h e  
easternmost  200 f e e t  of  new p ipe  t h e  most d i f f i c u l t  t o  
i n s t a l l .  

PHASE. 2 -- PUMP STATION UPGRADE 

I n  Phase 2, the e x i s t i n g  pump s t a t i o n  w i l l  b e  upgraded t o  
provide  a c a p a c i t y  of  4 .5  mgd. A si te  p l an  f o r  Phase 2 
c o n s t r u c t i o n  i s  shown i n  F igure  7; a d e t a i l e d  p l a n  and 
s e c t i o n  view are shown i n  Figure  8 .  A new e l e c t r i c a l  room 
w i l l  be r e q u i r e d  t o  house a l a r g e r  s tandby g e n e r a t o r  and  
o t h e r  new electrical equipment. 



The predesign cost estimate assumes the following new raw 
sewage pumps : 

Pumps 1 and 2: Worthington Model 6MFV-14 
1,560 gpm a t  155 fee t  TDH 
1,770 rpm 
100-hp motor 

Pumps 3 and' 4 : Worthington Model 4MFV-11 
1,050 gpm a t  50 fee t  TDH 
1 ,770 rpm 
30-hp motor. 

Although 100-hp motors'are suff ic ient  for  the  conditions 
assumed i n  predesign, a l tered conditions in  f i n a l  design 
might require the use of 125-hp motors for  Pumps 1 and 2 .  The 
s ize  of the  pump s ta t ion  e lec t r i ca l  room addition shown i n  
Figures 7 and 8 w i l l  be the same i f  125-hp pumps were 
required. , 

The shoreline portion of the North Beach force main could 
require replacement due t o  age during the useful l i f e  of the 
new pumps. I n  t h i s  case, operating the pumps a t  a lower 
speed could accommodate a significant drop i n  head. 

The predesign estimate for Phase 2 a l so  includes new sea l  
water pumps fo r  higher-head operation; a new a i r  break tank, 
washdown pump, instrument a i r  system, and sump pump t o  
replace aging equipment; and a new access hatch and monorail 
for safer  operation. 

PHASE 2 -- CONTROL AND ELECTRICAL SYSTE~S 

Control System 

The controi system w i l l  be modified t o  modernize the system. 
The new control scheme w i l l  be based on the new system head 
curve. The exis t ing Foxboro controller system w i l l  be 
replaced with a Moore control ler .  

The new control system w i l l  be constructed around the PLC. 
The PLC w i l l  supply a l l  pump s tar t / s top  commands and speed 
reference s ignals .  A relay w i l l  be added t o  switch the drive 
speed reference input t o  the Moore control ler  i n  the event of 
a PLC f a i lu re .  

Drives 

Variable frequency drives (VFDs)  w i l l  be used t o  control the 
100-hp raw sewage pump motors. VFDs w i l l  provide improved 
pump control and w i l l  use l e s s  energy than new eddy-current 
clutches. In addition, these i s  minimum clearance between 
the exis t ing  clutches and the motor control center (MCC). I f  



new larger clutches were used, the existing MCC would have t o  
be removed. 

Motor Control Center 

The exis t ing power t o  the s ta t ion  is based on a 400damp 
feeder c i r cu i t  breaker/incoming section; load calculations 
indicate tha t  the power w i l l  need t o  be increased t o  600 amps 
t o  meet the requirements of the s ta t ion  when the pump motors 
are upgraded. This  increase requires a new service entrance 
(incoming) sect  ion, a new automatic t ransfer  switch, and 
voltage and current monitoring equipment rated fo r  the 
increased amperage. The exis t ing MCC cannot accommodate t h i s  
equipment . 
The smaller constant-speed pump motors w i l l  each increase 
from 20-hp t o  30-hp; the s t a r t e r  s izes  w i l l  a l so  increase, 
from s i z e  2 t o  s ize  3. The s ize  3 s t a r t e r  requires 6 inches 
'more ve r t i ca l  space than. the s ize  2 s t a r t e r .  There is no 
space available in  the existing MCC for  the larger  s t a r t e r .  

A new MCC w i l l  be ins ta l led  t o  accommodate these changes and 
provide space for  other miscellaneous s t a r t e r s  and feeders. 

Standby .Generator 

Section 700 of the NEC requires an emergency system 
(generator) t o  have "adequate capacity and rat ing for  a l l  
loads on the emergency system t o  be operated simultaneously." 
The exis t ing generator is rated a t  300-kW standby, or  3 6 1  
amps a t  480 VAC. This  capacity would f a l l  short of the f u l l  
load requirements of the upgraded pump s ta t ion  (469 amps/390 
kW) . 
Currently, the en t i r e  e l ec t r i ca l  load of' the pump s ta t ion  is 
connected t o  the  standby generator. To reduce the  s ize  of a 
new generator for  the s ta t ion,  l e s s  c r i t i c a l  equipment may be 
removed from the  power system during emergencies. This load 
shedding could be done via MCC arrangement o r  v ia  controls.  
These l e s s  c r i t i c a l  items would have t o  be ident i f ied  during 
f i n a l  design. The t o t a l  connected load assumed i n  predesign 
is  'shown in Table 11. 

The s i ze 'o f  the new generator a l so  depends on the  amount of 
reactive power reflected back onto the power system by the  
equipment a t  the  pump s ta t ion .  Historically, '  VFDs and other 
e lectronic  equipment have been sources of reactive power. A 
generator manufacturerqs,representative recommends tha t  the 
generator be oversized t o  accommodate the needs of the VFDs 
within the system. 



Tabla 11 

Breaker S tar ter  Current 
Jxm -* kuin% HE Size 0. 

Sewage Pump 1 200 4-2/0 100 4 155** 

Sewage Pump 2 200 4-2/0 100 4 124 

Sewage Pump 3 70 4-6 30 3 ***  40 

Sewage Pump 4 70 4-6 30 3 ***  40 

I n s t .  Air 1 15 4-12 0.75 00 1.7 

I n s t .  Air 2 15 4-12 0.75 00 1.7 

Seal  Water 1 15 4-12 1 00 3.6 

Sea l  Water 2 15 4-12 1 00 3.6 

Sump Pump 15 4-12 0.75 00 1.7 

Flush Pump 15 4-12 1 00 3.6 

HVAC Supply 15 4-12 5 0 7.6 

HVAC EF-1 15 4-12 0.75 00 1.4 

HVAC EF-2 15 4-12 3 0 4.8 

Hoist Motor -- -- -- - - - - 
Heaters 30 -- 15 kW -- 18.1 

Storage and 10 0 4 -2 55kVA -- 62.2 
Return Panel 

.- 

I 

I 
Note: Total  Connected Load = 469 amps (390 kW). 

* 3 p o l e .  
** Largest motor rated continuous @ 125%. 

I ***  S t a r t e r  size increased from s i z e  2 (@ 20 hp) 
t o  s i z e  3 (@ 30 hp) . 

Propocred Load Connected t o  Standby Generator 



PlUSE 2 -- ELECTRICAL ROOM 
A new room w i l l  be  cons t ruc t ed  ad j acen t  t o  t h e  motor room t o  
house t h e  new e l e c t r i c a l  equipment. The new electrical room 
is shown i n  F igu res  7 and 8.  

The new room i s  needed because t h e  e x i s t i n g  pump s t a t i o n  
motor room is f u l l .  The new MCC and s tandby g e n e r a t o r  w i l l  
n o t  f i t  i n t o  t h e  e x i s t i n g  space .  Addi t ion of  
equipment i n  t h e  motor room would s e r i o u s l y  en  
s a f e t y  o'f t h e  personnel  who main ta in  t h e  s t a t i o  

I n  a d d i t i o n ,  t h e  space between t h e  e x i s t i n g  MCC and t h e  pump 
motors i s  a t  t h e  limits of t h e  working space  requi rements .  
'The 75-hp motor and eddy-current c l u t c h  a r e  l o c a t e d  36 inches  
from the MCC with  a 2-inch condui t  l o c a t e d  33 inches  away 
from t h e  MCC. The NEC (Sec t ion  110-16) states t h a t  t h e  
minimum working c l ea rance  i s  36  inches .  When t h e r e  a r e  
exposed l i v e  p a r t s  (an open MCC compartment) and any grounded 
dev ice  ( t h e  motor, c o n t ~ o ' l l e r ,  o r  meta l  condui t )  t h e  minimum 
working c l ea rance  r equ i r ed  i s  42 i nches .  Therefore ,  any 
mod i f i ca t ion  o r  i n s t a l l a t i o n  wi th in  t h e s e  boundar ies .would  be 
a v i o l a t i o n  of t h e  NEC. The new, h ighe r  horsepower motors 
would l i k e l y  be l a r g e r  t h a n  t h e  e x i s t i n g  motors.  Depending 
on t h e  s i z e  and space requirements  of  t h e  new motors,  t h e  
c l e a r a n c e s  r e q u i r e d  by t h e  NEC could  be v i o l a t e d .  



SECTION 8 -- SCHEDULING ISSUES 

This section describes the additional studies and permitting 
a c t i v i t i e s  t h a t  should be completed, and the time tha t  should 
be allowed in the project schedule t o  complete these tasks.  

PERMITTING 

Single-Family gone 

The schedules for  Phase 1 and Phase 2 should each allow a t  
leas t  one year for  a City Council land use decision and for  
acquisit ion of building and u t i l i t y  permits. 

Pump s ta t ions  are  defined both.as  a "Ut i l i ty  Service UseM and 
as  a n P u b l i ~  Projectn under the C i t y  of Seat t le  land use 
code. The zoning for the North Beach Pump Station property 
is  SF7200 (single-family). U t i l i ty  service uses require C i t y  
Council approval under the single-family provisions of the  
Land Use Code for  Public Projects (23.44.036 A . 4 ) .  "The 
proponent ... s h a l l  demonstrate the existence of a public 
necessity for  location or expansion of the use in  a single- 
family zone. Ig 

Metro should evaluate, in  .subsequent design and discussion ' 

with the  City of Seatt le,  whether a proposal t o  build a 
storage basin on the pump s ta t ion  s i t e  could be considered 
under the  land use coge as  an "Accessory Usegt (23.44.040 B.), 
customarily incidental t o  pump stations,  rather than an 
expansion of the f a c i l i t y .  If  not, then a City Council land 
use decision w i l l  be required. 

I f  a Type I V  Council land use decision is  required, the 
Director of the  Department of Construction and Land Use 
(DCLU) must complete a report and issue a recommendation t o  
approve o r  deny the proposal; a hearing examiner must hold a 
hearing and issue a recommendation t o  the Council; and the  
Council must consider the hearing examiner's recommendation 
and make a decision. This  process could take a t  leas t  1 2  
months t o  complete. 

Shoreline Environment 

The northwest portion of the  North Beach Pump Station s i t e  
f a l l s  within the shoreline d i s t r i c t  as  defined under the  C i t y  
of Sea t t l e ' s  Shoreline Master Program. The shoreline 
environment on the pump s ta t ion  property is UR (Urban 
Resident ial) ,  A shoreline permit would be required for  
construction of any f a c i l i t i e s  on t h i s  portion of the s i t e .  
U t i l i t y  l ines  a re  permitted outright i n  UR zones, i f  no 
reasonable al ternat ive exis t s .  Pump s ta t ions  a re  defined as  



I a Ut i l i ty  Service Use under the.Shoreline Master Program. 
Ut i l i ty  Service Uses are  permitted outright only i f  the i r  
"operations require a shoreline location." Therefore, 
modifications t o  the pump s ta t ion  within the shoreline 
d i s t r i c t  would require Metro t o  demonstrate one of the 
following: 

I o The operations require a shoreline location. 

I 0 The modifications are  considered as  renovation or do not 
involve expansion of the f a c i l i t y .  

/ 
o The modifications are necessary t o  comply w i t h  other d 

laws. 

Based on available information, the shoreline d i s t r i c t  

I appears t o  include only the area northwest of the pump 
s ta t ion ' s  northwest corner. The Phase 1 and Phase 2 s i t e  
layouts shown i n  Figures 6 and 7 a re  designed t o  avoid any 

I 
construction i n  the shoreline d i s t r i c t .  A shoreline permit 
would therefore not be required for  Phase 1 construction. 

Metro must determine the exact boundary of the shoreline 

I d i s t r i c t  by f i e l d  survey before f inal iz ing the Phase 1 s i t e  
layout or applying for any permits. 

I PXASE 2 - - ,  PLOW MONITORING 

Metro should monitor flows in  the City 's  gravity l ines  before 
upgrading the North Beach s ta t ion .  Metro's flow estimates 
for  these l ines  have not been validated by any actual flow 
data. Accurate flow and l iquid level estimates a re  important 

I for  the design of f a c i l i t y  improvements in  Carkeek Park, the ,  
design of the pump stat ion upgrade, and for  C i t y  and 
community acceptance of Metro's proposal. 

Planning should assume tha t  3 f u l l  years of data w i l l  be 
required. The data have t o  be collected and analyzed before 
f i n a l  design of the pump s ta t ion  upgrade' and p a r t i a l  force 

I main replacement begins. 



SECTION 9 -- EVALUATION OP INTERIM AND SUPPLEMENTAL 
MEASURES 

The predesign ef for t  included investigation of several 
construction measures tha t  seemed t o  have potent ia l  value as  
interim solutions, cost-saving ,measures, or  a s  supplemental 
measures t o  fur ther  reduce overflows a t  the North Beach Pump 
Station. T h i s  section summarizes construction measures t h a t  
ESD considered but does not recommend for  implementation a t  
t h i s  time. 

PIGGING THE FORCE WAIN 

The slime layer in  pipelines can be a s ignif icant  factor  
influencing roughness ( f r ic t ion  l o s s ) .  Pushing one o r  more 
wpigs@g through a pipeline may increase i t s  "C" factor  t o  
about 120 by scraping off the 'slime layer .  Under low flow 
conditions, sewage in the existing North Beach force main 
moves a t  2 fps  when the 20-hp pump is  pumping and the sewage 
s i t s  s t i l l  in  the force main while the wet well is  f i l l i n g .  
Pigging is  therefore a reasonable option t o  consider a t  t h i s  
locat ion. 

If  pigging could increase the "CW factor  of the exis t ing 
force main t o  120, the capacity of the exis t ing pump s ta t ion  
would increase from 3 . 4  mgd t o  about 3.6 mgd. The increased 
capacity would reduce overflows from 18 per year t o  about 16 
per yea r .  Pigging would have t o  be done on a regular bas is  
t o  be ef fec t ive .  

A pigging program i s  not easy t o  implement a t  t h i s  force 
main. The length of underground force main between the  wall 
of the s t a t ion  and Metro's property l i n e  is  only 7 fee t ,  and 
the pipeline i s  6 feet  deep. The pig would have t o  be pushed 
in to  the  l i n e  a t  a r ight  angle, which typical ly  requires tha t  
a separate source of pressurized l iquid be applied behind the  
pig. The pig launcher would be qui te  v is ib le  on the  s t a t ion  
s i t e ,  Moreover, it i s  possible tha t  the ins ta l l a t ion  of a pig 
launcher may require construction within the shoreline zone. 

A 14-inch pig could potent ial ly  turn and go up in to  the 12- 
inch-diameter Woodbine Way gravity l i n e  in  Carkeek Park. The 
Woodbine l ine  would, therefore, have t o  be plugged during 
each pigging operation, To f a c i l i t a t e  regular pigging, the  
t ee  from the Woodbine l ine  t o  the  force main would l ike ly  
have t o  be excavated, and a bar ins ta l led  across the Woodbine 
l i n e .  This bar would introduce some r i s k  of blockages i n  the 
City 's  l ine .  A structure w i t h  a valve might a l so  be 
ins ta l led .  T h i s  structure might be expensive, because the  
t ee  is f a i r l y  near a steep roadbank. 



Before pigging, it might a l so  be necessary t o  permanently 
plug the  abandoned 10-inch-diameter gravity l ine  tha t  
connects t o  the force main 3,850 fee t  downstream from the  
pump s ta t ion .  (The NW 117th Street  gravity l ine  has an 
exis t ing gate valve a t  the point of connection.) 

ESD does not recommend ins ta l l ing  pigging f a c i l i t i e s  a s  an 
interim measure or  as par t  of Phase.1 (storage basin) 
construction. Metro may s t i l l  want t o  consider adding 
pigging f a c i l i t i e s  t o  the s ta t ion  in  Phase 2 ,  when the pump 
s ta t ion  is  upgraded. 

PARTIAL FORCE MAIN REPLACEMENT AS AN INTERIM MEASURE 

Par t i a l  force main replacement would not be cost-effective a s  
an interim solution. Unaccompanied by other improvements, it 
would only increase the existing s ta t ion  capacity t o  about 
3.5 mgd and would only reduce overflows from 18 per year t o  
about 17 per year. 

PIPELINE STORAGE AS AN INTERIM MEASURE 

Modifying the influent sewer t o  provide detention of sewage 
or constructing off-line storage f a c i l i t i e s  tha t  would empty 
by gravity a re  cost-effective ways t o  add storage a t  a pump 
s ta t ion  s i t e .  However, the volume of storage tha t  could be 
provided a t  the North Beach s ta t ion  by enlarging exis t ing 
pipelines is  very limited. The onsite piping is  not very 
long, and the pipelines entering the s i t e  a re  on f a i r l y  steep 
slopes. Off-line storage i n  pipelines or a shallow basin 
adjacent t o  the influent pipe would be d i f f i c u l t  t o  clean. 

The resul t ing volumes would provide interim storage, but 
would not be a s  large as  the ultimate starage f a c i l i t i e s  
required, The.interim f a c i l i t i e s  would require s ignif icant  
s i t e  area and would therefore be abandoned when permanent 
f a c i l i t i e s  were instal led.  

Metro's a b i l i t y  to.provide gravity storage a t  the North Beach 
influent sewer is constrained by the allowable minimum and 
maximum l iquid levels .  The minimum level  must be high enough 
t o  allow the stored liqui'd t o  drain t o  the pump s ta t ion  a f t e r  
the storm. The maximum level  must  be low enough t o  avoid 
flooding upstream residences. Cr i t i ca l  elevations a t  the  
s ta t ion  a re  a s  follows: 

Minimum wet well level 116.8 
Lead 75-hp pump s t a r t  119.8 
Influent sewer invert a t  wet well 1 2 1 . 1  
MI No. 65 overflow weir 124.9 
Lowest res ident ia l  basement (approx. ) 131.0 



I n  1977, Metro temporarily plugged the overflow a t  MH No. 65. 
Because the s t a t ion ' s  ou t fa l l  was damaged a t  tha t  time, 
sewage backed up. in  the system and flooded four residences. 
Metro sta,ff compared l iquid levels a t  the s ta t ion  and a t  the  
residences and found that  levels a t  the .residences were 
s ignif icant ly higher. The overflow weir a t  MH No. 65 was 
then constructed a t  a low enough elevation so t h a t  future  
emergency overflows would not flood residences. 

To i n s t a l l  any significant volume of interim storage tha t  
could empty by gravity, Metro would have t o  ra ise  the leve l  
of t h i s  emergency overflow. This would increase the r i s k  of 
backups a t  residences and therefore would be an inappropriate 
interim solution. 

OVERSPEEDING THE EXISTING PUMPS 

Pumping substant ia l ly  higher flows through the exis t ing force 
main would resul t  i n  substantially higher-head operation than 
the or iginal  design condition. The resul t ing working 
pressures a t  the  existing pumps would exceed the working 
pressures tha t  they were b u i l t  t o  handle. The pump 
manufacturer does not recommend operating the  pumps in  t h i s  
range of pressures. 

I f  head losses were reduced via p a r t i a l  force main 
replacement, the  existing pumps, i f  oversped t o  pump 4 . 5  mgd, 
would exceed t h e i r  design working pressures by 8 f ee t .  
Higher horsepower would s t i l l  be required, and a l l  of the  
other costs associated with an upgrade would s t i l l  apply. 
P a r t i a l  force main replacement would preclude quick 
implementation. Considering the age of the exis t ing pumps, 
new pumps should be used. 

REPLACING ONE PUMP 

Replacing just a single pump t o  produce'the desired s t a t ion  
capacity would produce excessive veloci t ies  and head losses 
in  the suction and discharge piping of tha t  pump, and would 
involve high head and high horsepower draw a t  t h a t  pump. 
T h i s  measure, therefore, is not recommended. 

INFLUENT SEWER MODIFICATIONS 

The influent sewer t o  the North Beach Pump Station has an . 
emergency overflow weir, located i n  MH No. 65. Overflows a t  
t h i s  point pass through a storm drain and.are discharged a t  
the Puget Sound shoreline. 

The 1988 Carkeek f a c i l i t y  plan recommended upgrading the 
influent sewer t o ' c a r r y  the largest  inflow event on record. 



The storage basin location shown i n  the 1988 report required 
demolition of MH. No. 65. 

The capacity of the  exis t ing influent sewer i s  suff ic ient  t o  
carry the.one-year flow event; t h i s  was confirmed by data 
measured during the  actual one-year event a t  the s ta t ion  i n  
1990, The capacity of the influent sewer during larger 
storms is  d i f f i c u l t  to.estimate,  because of a short ,  mild- 
sloped run of pipe downstream of MH No. 65. In addition, 
during wet well overflows, the l iquid level in  the system is  
above the invert  of t h e  influent sewer. 

Metroas Information Systems Division examined flow and l e v e l '  
' 

data measured from 1988 t o  1992 t o  determine whether the 
occasional overflows a,t MH No. 65 could be linked t o  any 
par t icu lar  combination of hydraulic conditions. 

Liquid levels above the height of t h i s  overflow weir were 
recorded on three occasions. The data did not provide any 
conclus'ive evidence regarding the cause of the overflows. 
s t a t ion  inflows were l e s s  than the one-year flow. The wet 
well leve l  was measured during on1.y one of the events, and it 
was not unusually high. The measured overflows may have been 
due t o  temporary pipe blockages, equipment malfunction, o r  
erroneous data.  

A br ief  examination of level data showed tha t  high l iquid  
levels  i n  MH No. 65 typical ly  occur when the wet well i s  
overflowing and the inflow t o  the s ta t ion exceeds 4 mgd. 
High l iquid leve ls  may be related t o  the.backup of l iquid  i n  
the sewer during wet well overflows. The proposed 
ins ta l la t ion  of a storage basin would decrease the  frequency 
of high wet well levels,  and should decrease the r i s k  of 
overflows a t  MH No. 65. 

ESD does not recommend any modifications t o  the influent 
sewer a t  t h i s  time. Metro may want t o  examine flow and level  
data measured a f t e r  construction. of the Phase 1 storage 
basin, t o  determine whether t o  add influent sewer 
improvements t o  the Phase 2 construction'. 

The elevation of the overflow weir i n  & No. 65' is se t  a t  its 
'current level  t o  protect upstream properties. This weir 
should not be raised. 

OUTFALL MODIFICATIONS 

A hydraulic analysis of the existing ou t fa l l  conducted i n  
1977 by Metro s t a f f  indicated th.at the exis t ing ou t fa l l  can 

I accommodate wet well overflows of more than 4.5 mgd without 
causing a backup tha t  would submerge the  wet well weir. 



This  means t h a t  t h e  e x i s t i n g  pumps and o u t f a l l  t o g e t h e r  can 
handle  a s t a t i o n  in f low g r e a t e r  than  t h e  one-year in f low of  
6.8 mgd without  t h i a  k ind  of a backup occu r r ing .  ESD does  
no t  recommend any mod i f i ca t ions  t o  t h e  e x i s t i n g  o u t f a l l .  

I f  Metro c o n s i d e r s  upgrading t h e  i n f l u e n t  sewer i n  t h e  f u t u r e  
t o  accommodate very l a r g e  storms, t h e  a b i l i t y  o f  t h e  o u t f a l l  
t o  handle  t h e  a s s o c i a t e d  peak inf lows  should  be e v a l u a t e d  
concur ren t ly  . 
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NORTH BEACH PUMP STATION 
HYDROLOGIC MODELING ANALYSIS 

I Prepared by: Bob Swarner Date: September, 1992 
Mike Thompson 

I of the Application Development & Support Section of ISD 

I Scope of This Hydrologic Analysis 

The North Beach Pumping Station basin is a separated sewer area which 
has a significant volume of inflow and infiltration during stonn events. A 
number of overflows occur at the pump station each year. Two flow meters 
were placed near the pump station in 1989 to record depths and flows. The 
purpose of this hydrologic analysis is to investigate the flow data and its 
relationship to the rainfall record, simulate thirteen years of flow using a 
computer program, and perform the following tasks for use in the pre- 
design of facilities to reduce the fiequency and volume of overflows in the 
basin: 

Compute the Average Dry Weather Flow (ADWF) for the metered 
period; 

Compute the Average Wet Weather Flow (AWWF) for the metered 
period; 

Estimate the number of overflow events per year at North Beach Pump 
Station; 

Estimate the total overflow volume per year at North Beach Pump 
Station; '> 

Estimate the peak flow entering the North Beach Pump Station; 
Determine the volume of storage needed as a function of pumping 

capacity to reduce overflows at North Beach Pump Station to a one 
per year fiequency; 

Estimate the overflow reduction achievable from interim facility 
improvements; 

Estimate the peak flow from the gravity line coming from Woodbine 
Ave. NW. and entering the North Beach force main in Carkeek Park. 

Background 

8 Brown & ~aldwell  Consultants completed the Carkeek Flow Analysis as 
part of Metro's Carkeek Facilities Plan in 1988. Flow estimates for the 

I North Beach basin were derived during the analysis. There was limited 
flow data on which to base those estimates. The results from the' Brown & 
Caldwell analvsis are documented in the Carkeek Facilities Plan. 



During the fall of 1988 and s p b g  of 1989, two flow sensors were installed 
at the North ~ e a c h ~ u m p i n ~  Station to obtain good flow data fiom the 
basin. The sensors are Marsh-McBirney Flo-Totes, which measure both 
depth and velocity in 5 minute increments and generate a flow rate based on 
the two measured values. 

One meter was placed in the 18" pipe entering the wet well. A second 
meter was placed in an overflow manhole about 110 feet upstream f?om the 
entrance to the wet well. A 30" pipe transitions to an 18" pipe in this 
manhole and an ovedldw weir is about 2" above the crown of the 30" 
incoming line. The flow meter was placed in the 18" pipe exiting the 
manhole, just downstream of the overflow weir and transition fiom the 30" 
pipe. 

Basin Characteristics 

The North Beach basin is a fully developed, mostly residential, 
neighborhood. The i m p e ~ o u s  surfaces of rooftops and pavement account 
for about 25% of the basin area. Stom drainage is generally into unlined 
ditches which transport flow to the storm drains. 

Average Dry and Average Wet Weather Flows 

Measured flows were reviewed to determine the average dry weather flow 
(ADWF) and average wet weather flow (AWWF). ADWF is defined as the 
average flow during the months of April through August, including storm 
flows. AWWF is defined as the average flow during the months of 
September through March, including storm flows. These defimitions are the 
same as used ,in the Carkeek Facilities Plan. 

The measured flow data during the two years of data collection is 
summarized in Table A. 

Table A 
Average Flows at North Beach Pump Station 

Dry ADWF Wet AWWF 
Season (mgd) - Season (mgd) 
1989 0.36 1989-1990 0.49 
1990 0.41 1990-199 1 0.57 



Overflow Frequency and Volume during Metering Period 

The overflow weirs in the wet well and in the upstream overflow manhole 
were field-measured to .verify the as-built information. It was discovered 
that the weir in the wet well is only 9.0 feet long, instead of the 10.5 feet 
shown on the as-built drawing. This correction was made to Metro's 
spreadsheet program which is used to compute overflow volumes. The 
corrected overflow occurrences and volumes are listed in Table B for the 
fears when the meters were in place. 

The upstream overflow weir was measured as 32.5 inches above the invert 
of the 18" pipe. A corrected estimation of.the overflow occurrences and 
volumes using this new information is shown in Table C for the upstream 
manhole. 

Table B 
Wet Well Overflows 

Volume of 
Year - Number of Overflows 

Overflows (MC;) 
1989* 6 0.59 
1990 15 2.76 
1991 24 2.75 - 

I 1992** 17 2.26 1 
* Began on March 24, 1989 
** Through July 15, 1992 

'. 

Table C 
Upstream Manhole Overflows 

Year - Number of Volume 
Overflows O 

1988* 2 0.224 
1989 0 . 0 
1990 0 0 
1991 0 0 
1992** 1 0.009 
* Began Oct. 28,1988 
** Through July 15, 1992 
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Rainfall and Storm Information 

Rainfall Data 

The rain data fkom City of Seattle gauge #7, located at Whitman Jr. High 
was' used for calibration and simulation of flows for the North Beach Pump 
Station. The gauge is in the North Beach Pump Station basin. 

The rain gauge records rainfall in hundredths of an inch for each minute in 
which there has been rain. 

One-year Storm Intensity 

The storm intensity-duration curves for the North Beach area were 
investigated to determine the best measuri: of a one-year design event. The 
time to concentration for the area that is directly connected to the sewer 
system is about two hours. Only about 2% of the basin is directly 
connected, however. Half of the peak flow rate can consist of flow that 
enters in a delayed fashion &om the groundwater. There is no definitive 
relationship between rainfall intensity and peak flows for any duration of 
storm because antecedent conditions contribute so much to any large flow. 

The storm flows have been simulated for the 13 years, fiom 1978 through 
1990, using the rain dita fiom the city gauge in the basin. Flow rates and 
overflow volumes were computed from this 13 years of simulated record to 
obtain overflow statistics and impacts of storage and pump station 
upgrades. 

Computer Modeling of North Beach Basin 

Runoff Model 

Metro's Runoff model was used to simulate sanitary and storm flows 
through the North Beach collection system. The Runoff model is a 
physically-based model'which includes components of overland flow, dry- 
weather domestic flow, dry-weather infiltration and wet weather infiltration 
to the sewer system. The model uses a kinematic wave formulation in * 

solving the St. Venant equations for overland flow. 

Metro's Runoff Model was modified to simulate the excessive inflow and 
infiltration which is characteristic of the North Beach basin. The model 
now incorporates varying dry-weather flow and three components of 



infiltration. The *ltration includes a constant dry-weather value, a 
decaying wet weather value, and a large flow factor which is assumed to 
enter the sewer pipes during substantial rain events through leaky 
connections or damaged pipes. The Runoff model computes flow in ten 
minute increments. 

Model Calibration 

Flow data from the entrance to the North Beach Pump Station wet well 
'fiom October 14, 1989 through February 4, 1991 was used to calibrate 
Metro's Runoff model to simulate the flow to the pumping station based on 
rainfall at the city of Seattle,rain gauge #7. (The rain data fkom gauge #7 is 
.interrupted on February 5, 1991.) 

The basin was broken down into 3 subbasins, as was done in the Carkeek 
Facilities Plan. The basin parameters used by B&C were used as a starting 
point in the calibration process. The basin parameters were adjusted until 
the best fit to the flow data was achieved. The outflow hydrographs from 
the three basins were added to estimate the flow at the pump station. The 
confluence of the three basins is only 170 feet upstream from the wet well. 

Calibrating the model to the flow data revealed that a significant portion of 
the basin is directly connected to the sewer system. Values of 5 to 15% of 
the impervious basin areas were used ( 2 % of the entire basin). A large 
contribution of inflow enters the system only after significant rainfall has 
fallen over the ,basin. It is suspected that this portion of the inflow is due to 
rainwater that infiltrates into the ground, collects in the filled-in trenches in 
which the sewer pipes were laid, and enters the sewer pipes &rough leaky 
connections. 

The Runoff model was modified to simulate this infiltration ,from the 
ground into the sewer pipes. Wall  volume which infiltrated into the 
ground was used as the basis for the rate and volume of flow entering the 
pipes. 

8 Table D contains the calibrated basin parameters for each of the sub-basins. 

I The .final calibration results are shown on Figures 1-5 for the eight largest 
stoms in the October, 1989 - Feb. 4, 1991 time frame. The Runoff model 

I 
simulated 26 overflow events during the calibration time period compared 
to 23 overflow events indicated by the flow meter at the wet well. The total 



Figure 1. Comparison of Simulated Data to Flow Data 
Dec. 2-5, 1989 
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Table D 
Basin Parameters 

Parameter Basin 2 Basin 3 Basin 4 
Slope ,0396 .0604 .0765 
Length of pipe (fi) 5 1305 43365 13870 
Area (ac) 303 248 102 
% impervious 25 25 25 
Manning's n (imperv) ,014 .O 14 .014 
Manning's n (pew) .35 .35 .35 
Soil permeability (inlhr) .I75 .I75 .I75 
Soil porosity ,5 .5 .5 
Suction head (in) .03 .03 .03 
Avg. Base flow (mgd) ,147 ,117 .03 1 
% connected imperv. 5 8.7 15.4 
% connected pew. 0 0 0 
Dry weather VI (gpad) 109.4 579.3 15.8 

volume of overflow simulated by the model was 2.81 million gallons, 
compared to 2.79'million gallons indicated by the flow meter. 

Existing Overflows 

W e e n  years of rainfall data (1978 - 1990) were used as input to the 
Runoff model to simulate 13 years of flow at the North   each Pump 
Station. The ehsting pump station capacity was assumed to be 3.4 mgd, 
based on pump testing in 199 1. 

The resulting estimate of existing overflows at the North Beach Pump 
Station is shown in Table E.. 

Table E 
Existing Overtlows 

Number of Overflows Volume of Overflow 
(Eventsly r) (MGIY r) 

18 1.9 



Peak Flow Analysis 

1 .  The peak flow recorded by the flow meter in 1989 - 1992 at the North 
Beach Pump .Station was 6.2 mgd, during the large January 9, 1990 storm. 

Based on thirteen years of simulated flow data, the 10-minute peak flow 
with a return period of one year at the North Beach Pump Station is 6.8 
mgd. 

Reduction of Overtlows ta One Event per Year 

Two options for reducing the overflows at the North Beach Pump Station 
to one event per are 1)increasing pumping capacity and 2)adding 
storage. A combination of these measures can also be effective in reducing 
overflows. If the pump station is upgraded, the storage volume required to 
reach the one-per-ye& frequency will be reduced. 

Storms are defrned as separate in this analysis if there is at least 3 hours 
between overflows. 

Sizing of a Storage Facility with Pump Station Upgrade 

The capacity of the pump in the storage facility influences the storage 
required to reduce-the overflows to one event per year. The pumpout rate 
of the storage fqcility affects the emptying time, which in turn, affects the 
available volume of storage for subsequent storms. 

The pumps are assumed to be fixed speed pumps. Therefore, .the inflow to 
the pump.station would need to be equal to or lower than the pump station 
capacity minus the storage pump capacity before the storage pump would 
begin to empty the stored wastewater. 

The storage volume required to reduce overflows to one event per year and 
the resulting average annual overflow volumes are listed in Table F for four 
pump station capacities and for four storage pump capacities. 



Table F 
Pump Capacity/Storage Relationships 

to meet the One Overflow Event per Year Criteria 

Pump Storage Average Annual 
Station Pumpout. Storage Overflow 

Caeacitv - Rate* Reauired Remaining 
(mgd) (mgd) (gal) (MG) 

3.4 0.36 
(existing) 0.72 

1.08 
1.44 

5.0 0.36 70,000 0.12 
'. 0.72 67,000 0.13 

1.08 67,000 0.13 
1.44 67,000 0.13 

* Constant flow rate 

I Interim Benefits from a Pump Station Upgrade 

I Overflow reduction can be achieved on an interim basis by either upgrading 
the pump station while delaying the addition of storage or by adding some 

I 
storage and delaying the upgrade of the pump station. The estimated 
number of overflows per year and the corresponding overflow volumes for 
four pump station capacities without the addition of off-line storage are 
listed in Table G. 



Table G 
Overtlow Frequency and Volume with Interim Pump Station Upgrade 

Pump Station Number of Overflow 
Ca~acity . Overflows/vear Volume/vr 

(mgd) OMG) 
3.4 (existing) 18 1.91 

4.0 12 0.96 
4.5 8.5 0.51 . 
5.0 5.0 0.27 

Interim Benefits from Storage Capacity 

The interim benefits from adding off-line storage at North Beach Pump 
Station while delaying the upgrade of the pump station capacity are listed in 
Table H. 

Table H 
Overflow Frequency and Volume with Interim Off-line Storage 

(Pump Station capacity kept at 3.4 mgd) 

Storage Volume Storage Pump- Number of Overflow 
Provided out Rate* Overflowslvr Volumelvr 

(gal) \. (MG) 
70,000 0.36 6.0 1.30 
67,000 0.72 5.9 1.3 1 
67,000 1.08 5.8 1.32 
67,000 1.44 6.1 1.33 

252,000 1.08 2.0 0.68 
252,000 1.44 2.1 0.69 

* Constant flow rate 



Peak Flow to Force Main from Gravity Line from NW Woodbine Way 

There are 85 acres in the gravity line basin entering the North Beach force 
main from NW Woodbine Way. The sewers in the gravity line basin and 
North Beach sub-basin #4 were constructed about the same time and the 
land use is similar. Therefore, the basin parameters from sub-basin #4 were 
used as the characteristics for the gravity line basin for computer 
simulations of flows. 

A rehabilitation project to reduce inflow was completed in the gravity line 
basin in 1986. No metering data since then is available to validate the peak 
flow estimate. 

Based on thirteen years of simulated flow data, the 10&inute peak flow 
with a return period of one year is 1.0 mgd. 

The average dry weather flow from this basin is estimated to be 0.04 mgd 
and the average wet weather flow is approximately 0.05 mgd. 



APPENDIX B 

COST ESTIMATE SUMWARY 
PHASE 1 



North Beach Pump Station -- Predeslgn Cost Estimate 

140,000 Gallon Storage Basin 

Quantity Unlt unit cost Price 

Storage Basln 

Excavation 2275 CY 5.00 11375 

Haul & disposal 2275 CY 9.60 20475 

Shoring 601 0 SF 38.00 228380 

Dewatering LS 15000 

Slab on grade 45 CY 350.00 15750 

Walls 142 W '  400.00 56800 

Elevated slabs 39 W 450.00 17550 

Columns and Beams LS 51 00 

Water and Washdown LS 191 00 

Ventilation fans . 2 EA 17550.00 351 00 

Misc. Metals LS 26350 

Return Pumping 

Excavation and Disposal 260 Cf 14.00 3640 

Sheeting 2600 SF 11.00 28600. 

- - - 

Concrete lift station LS 10400 

BeddingIBackfill 200 W 25.00 5000 
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Lift station mech. 

Discharge pipe & trench 

Electrical 

Other 

Surveying 

Sitework & Demolition 

Subtotal 

Mobilization 

Subtotal 

Contractor OH & P 

Subtotal 

Sales tax 

Subtotal 

Contingency 

Subtotal 

Permits, easements 

Allied costs 

Total 

LS 

LS 

LS 

LS 

LS 

5b/o 

20% 

8.20% 

30% 

247 o 

- 

23300 

4500 

45969 

5000 

17950 

666019 

33301 

699320 

139864 

8391 84 

68813 

907997 

272399 

1180396 

40000 

382000 

1602396- 



APPENDIX C 

COST ESTIMATE SUMMARIES 
PHASE 2 
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Trench support 6500 SF 1.20 7800 

HDPE pipe - 18 ', 160 PSI 2060 LF 24.00 49440 

Pipe install. labor - west 1860 LF 3.50 651 0 

Pipe install. labor - east 200 LF 5.50 1100 

Jacked casing 200 LF 230.00 46000 

Pipe bedding & backfill 1085 W 30.00 32550 
I 

& 

Pavement demo & replace ,1 LS 4800.00 4800 

Misc. special costs 1 LS 30750.00 30750 

City Pipeline Modifications 1 LS 29400.00 29400 

Subtotal 284970 

,Mobilization 5% 14249 



Sales tax 8.20% 29443 

Subtotal 388505 

Contingency 30% 116552 

Subtotal 505057 

Allied costs 31 % 156568 

Total 661 625 
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Elevated slabs 13.00 W 450.00 5850 

Beams 8.00 0/ 550.00 4400 

Doorway LS 1000 

Conc. Sack & Paint 1825.00 SF 1.60 2920 

Subtotal 115290 





Other 
,Repair hatch 1 LS 1500.00 1500 
Equip./Pipe Painting 1 LS 2500.00 2500 
Hoist rail relocation 1 LS 1000.00 1000 

Subtotal 33700 
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