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A
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E
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Y
 

 T
he C

ity of Frederick’s w
ater supply and distribution system

 presently services about 58,000 

people.  D
ue to changes in planning and availability of w

ater from
 various sources, the C

ity has 

decided to update the 2000 W
ater M

aster Plan.  

 1.1 
E

xistin
g W

ater S
ystem

 

 

Figure 3-1 illustrates the C
ity’s existing w

ater supply and distribution system
.  T

here are 

four supply sources, four w
ater treatm

ent plants (the potable Z
enon m

em
brane plant is 

not being used), six distribution storage tanks and three pum
ping stations.  T

here are tw
o 

m
ajor pressure zones, w

ith the low
er Z

one 462 to the east and the higher Z
one 595 to the 

w
est. 

 

1.2 
W

ater D
em

an
d

 P
ro

jectio
n

s 

 T
he average day per capita dem

and has declined from
 a high of 137.9 gpcpd in 1992 to a 

low
 of 100.0 gpcpd in 2005.  T

he C
ity’s peaking factor (ratio of m

axim
um

 day dem
and to 

average day dem
and) from

 1960 to 2001 is 1.30.  T
he 15 year average peaking factor 

from
 1991 to 2005 is 1.34.  A

 peaking factor of 1.60 is used by the C
ounty for the 

Potom
ac w

ater supply design and 1.60 is also used for this study. 
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T
he C

ity’s existing adequate safe yield, under the M
D

E
 M

onocacy C
onset O

rder, from
 

the various sources are: 

 • 
L

ake L
inganore W

T
P 

  6.0 M
G

D
 

• 
M

onocacy W
T

P 
  2.0 M

G
D

 

• 
L

ester D
ingle W

T
P  

  1.7 M
G

D
 

• 
W

ells 3, 4 and 7 
  0.68 M

G
D

 

 
10.38 M

G
D

 

 T
he C

ity has recently signed the Potom
ac R

iver W
ater Supply A

greem
ent (PR

W
SA

) w
ith 

Frederick C
ounty w

hich secures additional w
ater supply to the C

ity. T
he C

ounty’s 

schedule for Potom
ac w

ater com
bined w

ith the C
ity’s sources are sum

m
arized as follow

s 

for m
axim

um
 day: 

 

Y
ear 

C
ity Sources 
(M

G
D

) 
C

ounty Potom
ac 

(M
G

D
) 

T
otal (M

G
D

) 
Population that 

could be 
S

erviced 
E

xisting 
10.38 

- 
10.38 

64,875 
2009 

8.38 
8.00 

16.38 
102,375 

2015 
8.38 

12.00 
20.38 

127,375 
 O

riginally, the population projections selected by the C
ity for this study w

ere those in the 

E
xpanding H

orizons grow
th scenario from

 the 2004 C
om

prehensive Plan.  H
ow

ever, it is 

understood that the C
ity has subsequently decided to use the projected dem

ands listed in 

the PR
W

SA
. 

 B
ased on the dem

ands listed in the PR
W

SA
, population estim

ates w
ere developed. It is 

anticipated that the population by 2030 w
ill be 90,000. U

sing the sam
e grow

th rate the 

projected population w
ill be 108,000 by 2040. 
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T
he C

ity w
ill require additional w

ater supply by 2033 for a 1.60 peaking factor w
ith the 

C
ity’s existing sources and the new

 Potom
ac Supply. If w

ater reuse options are 

considered, the peaking factor m
ay w

ith their use be reduced. 

 

1.3 
H

yd
rau

lic M
od

eling 

 T
he H

2 O
M

A
P softw

are by M
W

H
Soft w

as used to undertake steady state, extended 

period sim
ulation and w

ater quality sim
ulations.  H

ydrant flow
 and pressure testing w

as 

done to field calibrate the com
puter m

odel.  T
ransient analysis w

as also conducted using 

the H
2 O

S
U

R
G

E
 softw

are by M
W

H
S

oft. 

 S
ystem

 deficiencies w
ere identified w

ith recom
m

ended im
m

ediate im
provem

ents (2007 

to 2009) and recom
m

ended future im
provem

ents (2010 and beyond) to upgrade the 

C
ity’s system

.  T
he recom

m
ended im

provem
ents are detailed in T

ables 5-3 and 5-4 

respectively. 

 T
he transient analysis indicates that there are no abnorm

al high pressures in the C
ity’s 

distribution system
 due to norm

al day-to-day pum
p operation.  H

ow
ever, analysis 

indicates that there m
ay be transient issues during a pow

er failure at the M
onocacy W

T
P

 

under specific background conditions. 
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2006 W
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  2.0 

IN
T

R
O

D
U

C
T

IO
N

 

 2.1 
B

ackg
ro

u
n

d
 

 

T
he C

ity of Frederick is located in Frederick C
ounty, M

aryland.  T
he C

ity, founded in 

1745, ow
ns and operates a potable w

ater supply and distribution system
 w

hich includes 

four potable w
ater treatm

ent plants and a portable Z
enon m

em
brane plant that presently 

serves a population of about 58,000 people (year 2005).  For com
parison, the C

ounty 

operates 18 potable w
ater treatm

ent plants that serve about 44,000 people. 

 C
hester E

ngineers com
pleted a W

ater and Sew
er M

aster Plan U
pdate in 2000 (W

M
PU

) 

for the C
ity.  S

ignificant changes have since occurred including the availability of w
ater 

from
 existing supplies, the developm

ent of new
 supplies from

 w
ells and the com

pletion 

of an update to the C
ity’s C

om
prehensive Plan in 2003.  T

he C
ity has also signed the 

Potom
ac R

iver W
ater Supply A

greem
ent w

ith Frederick C
ounty on M

arch 3, 2006 w
hich 

w
ill be the next w

ater source for the C
ity. 

 2.2 
C

o
n

sultan
t Team

 

 

T
hree consultants w

ere selected by the C
ity in July 2005 to subm

it engineering proposals 

for a C
om

prehensive U
pdate to the C

ity of Frederick 2000 W
ater M

aster P
lan.  Proposals 

w
ere received by the C

ity on July 29, 2005 and interview
s w

ith the three consultant team
s 
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w
ere held on A

ugust 18, 2005.  T
he C

ity C
ouncil aw

arded the assignm
ent to D

ayton &
 

K
night L

td. on Septem
ber 14, 2005.  

 T
he D

ayton &
 K

night L
td. team

 m
em

bers consist of: 

 D
ayton &

 K
night L

td.  
Jack L

ee, P
.E

ng. (P
rincipal-in-C

harge) 

(Prim
e C

onsultant) 
 

Sean B
rophy, P.E

ng. (W
ater Supply/T

reatm
ent S

pecialist) 

 
 

 
 

H
arlan G

. K
elly, P

.E
., P

.E
ng. (Q

A
/Q

C
) 

 
 

 
 

Joel M
cA

llister, P.E
ng. (W

ater M
odeling E

ngineer) 

 
 

 
 

G
erson N

eiva, P.E
ng. (W

ater T
reatm

ent E
ngineer) 

 
 

 
 

V
ictor W

ong, P
.E

ng. (S
C

A
D

A
 S

pecialist) 

 
 

 
 

B
rano Jutric (E

lectrical/M
echanical E

ngineer) 

 
 

 
 

D
ena V

ergam
ini, C

.T
ech. (W

ater Q
uality T

echnologist) 

 A
D

T
E

K
 E

ngineers Inc. 
T

ee P
ecora, P

.E
. (P

rincipal S
tructural E

ngineer) 

(Structural E
ngineering 

Jeffrey M
iller, P.E

. (Structural E
ngineer) 

 Sub-consultant) 

 C
O

R
R

PR
O

 C
om

panies Inc. 
W

alter Y
oung, P.E

. (Principal C
orrosion E

ngineer) 

(C
orrosion E

ngineering 

 Sub-consultant) 

 2.3 
S

tu
d

y P
ro

g
ressio

n
 

 

T
he study started in Septem

ber 2005 w
ith the review

 of inform
ation received from

 the 

C
ity.  A

 m
eeting w

as held on O
ctober 3 and 4, 2005 w

ith the D
ayton &

 K
night L

td. team
 

and C
ity staff to review

 concerns and key issues for the follow
ing: 

 a) 
Project R

eview
s 

b) 
W

ater D
em

and Projections 

c) 
H

ydraulic M
odeling 
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d) 
C

ondition and Perform
ance of O

verall S
ystem

 

e) 
R

eliability and V
ulnerability A

ssessm
ent 

f) 
W

ater Supply 

g) 
W

ater T
reatm

ent 

h) 
S

C
A

D
A

 and D
ata S

ecurity M
anagem

ent 

 

H
ydrant flow

/pressure testing in the field w
as undertaken during O

ctober 6 and 7, 2005 

w
ith assistance from

 C
ity staff.  T

he data collected w
ere used to calibrate the C

ity’s w
ater 

m
odel. 

 Site reconnaissance of the C
ity’s w

ater facilities w
as undertaken by D

ayton &
 K

night 

L
td.’s technical team

 m
em

bers during N
ovem

ber 15 to 28, 2005.  A
 condition assessm

ent 

w
as done at the sam

e tim
e (except for the w

aterm
ains and structural issues) and a C

ritical 

C
oncerns list provided to the C

ity on D
ecem

ber 6, 2005 for inclusion in the 2006 

infrastructure budget. 

 A
 conference call w

as held w
ith C

ity staff on February 24, 2006 to review
 D

ayton &
 

K
night L

td.’s drafts of various technical m
em

os.  C
om

m
ents received w

ere incorporated 

in the revisions. 

 Progress m
eetings w

ere held w
ith M

D
E

 on M
arch 21, 2006 and w

ith the C
ity on M

arch 

22, 2006. 

 A
 second m

eeting w
as held w

ith the C
ounty on A

pril 12, 2006 to review
 their schedule 

on the Potom
ac W

ater Supply construction. 

 A
 w

orkshop w
ith the C

ity’s M
ayor and B

oard w
as undertaken on A

pril 12, 2006. 

 Five excavations w
ere undertaken on June 12, 13 and 14, 2006 to rem

ove pipe sections 

for corrosion evaluation.  T
he C

ity provided 16 coupons taken from
 previous w

ork for 

this assessm
ent. 
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 T
raining sessions w

ith C
ity staff on the use of the com

puter m
odel w

ere held from
 

A
pril 10-12, 2006. 

 A
 first draft of the report w

as subm
itted on N

ovem
ber14, 2006 and w

as review
ed w

ith 

C
ity staff on D

ecem
ber 5 and 6, 2006. 

 D
ayton &

 K
night L

td. w
as inform

ed on January 4, 2007 that the projected population 

grow
th w

as not as high as originally envisioned. A
 second draft of the report w

as issued 

on M
arch 22, 2007 w

ith a revised projected population. T
he recom

m
endations, schedule 

of im
provem

ents and costs in the first draft w
ere revised for the second draft. 

 T
he C

ity m
et w

ith D
ayton &

 K
night on O

ctober 25, 2007 to review
 the population 

projections and projected w
ater dem

ands. D
ayton &

 K
night w

ere instructed to use the 

dem
ands and populations stated in the Potom

ac R
iver W

ater Supply A
greem

ent 

(P
R

W
S

A
) for the final draft of the report. T

he recom
m

endations, schedule of 

im
provem

ents, and costs from
 the second draft w

ere revised for the final draft based on 

the projections stated in the PR
W

S
A

. 

 

2.4 
P

ro
ject R

eview
 

 

A
vailable inform

ation for review
 provided by the C

ity for this S
tudy are referenced in 

A
ppendix A

.  T
he docum

ents w
ere categorized, review

ed and discussed w
ith C

ity staff in 

order for the study team
 to be fully know

ledgeable of the infrastructure, capacities and 

operation of the w
ater system

. 

 

2.5 
A

ckn
o

w
led

g
m

en
ts 

 

T
he D

ayton &
 K

night L
td. team

 w
ish to thank the follow

ing for their input and guidance: 

 T
he C

ity of F
rederick 
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 • 
G

ene W
alzl, P.E

., W
ater &

 Sew
er E

ngineer 

• 
Z

ack K
ershner, P.E

., D
eputy D

irector - E
ngineering 

• 
T

om
 D

avis, P.E
., Past D

eputy D
irector - O

perations 

• 
Paul L

ee, P.E
., Past D

irector of E
ngineering 

• 
Fred E

isenhart, Past D
irector of Public W

orks 

• 
R

andy C
onnatser, Past D

eputy D
irector of Public W

orks 

• 
M

arc Stachow
ski – M

anager – L
and D

evelopm
ent &

 C
onstruction 

• 
K

eith B
row

n, W
ater Superintendent 

• 
C

raig L
am

bert, W
ater Plant Superintendent 

• 
M

ark C
urry – P

ast W
ater P

lant A
ssistant Superintendent 

• 
Joe A

dkins, C
hief of C

om
prehensive Planning 

• 
B

ecky M
arinaro, Past C

IP M
anager 

• 
D

an Seal, C
ity C

hem
ist 

• 
Janice D

orcus, O
ffice M

anager 

 

F
rederick C

ounty 

 

• 
M

ike M
arschner 

• 
K

evin D
em

osky, P.E
. 

• 
R

odney W
inebrenner, P.E

. 

 

M
aryland D

epartm
ent of E

nvironm
ent 

 • 
John G

race, P
.E

. 

• 
B

arry O
’B

rien, P
.E

. 

• 
Patrick H

am
m

ond, P.E
. 
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E
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S

T
E
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 3.1 
G

en
eral D

escrip
tio

n
 

 

T
he C

ity’s w
ater supply and distribution system

 is illustrated in Figure 3-1.  T
here are 

four supply sources, four w
ater treatm

ent plants and a portable Z
enon m

em
brane plant, 

six distribution storage tanks and three pum
ping stations.  T

he w
ater distribution system

 

consists of low
er and upper (tw

o) m
ajor pressure zones.  Z

one 462, the low
er zone, 

services m
ost of the C

ity to the east, and Z
one 595, the upper zone, services the tw

o areas 

to the w
est.  A

 new
 pum

ped zone w
as created in 2006 to the northw

est corner of the C
ity 

w
ith the construction of the W

hittier Pum
ping Station.  T

his zone w
ill service 45 single 

fam
ily hom

es and 75 m
ulti-fam

ily condom
inium

 units.  It is understood that another 

pum
ped only zone, fed by the proposed B

irdseye Pum
ping Station, w

ill be constructed 

near the B
ow

ers R
oad T

ank to service 38 single fam
ily hom

es. 

 T
he C

ity currently has tw
o interconnections w

ith the C
ounty.  T

here are som
e C

ounty 

developm
ents (W

aterside and Spring R
idge subdivisions) that use the C

ity’s distribution 

system
 to convey C

ounty w
ater to the developm

ents.  T
he C

ity also has one perm
anent 

connection at E
vergreen Point. 

 

3.2 
W

ater S
u

p
p

ly S
o

u
rces 

 T
he C

ity’s four w
ater sources are: 
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  • 
M

ountain Source (Fishing C
reek and T

uscarora C
reek) 

• 
L

inganore S
ource 

• 
M

onocacy Source 

• 
W

ells (presently not considered) 

 

A
llow

able w
ater w

ithdraw
als by the C

ity for these sources are sum
m

arized in T
able 3-1. 

 

T
A

B
L

E
 3-1 

A
L

L
O

W
A

B
L

E
 W

A
T

E
R

 W
IT

H
D

R
A

W
A

L
S

 

W
ater Sources 

Safe Y
ield 

(M
G

D
) 

Flow
 B

y 
(M

G
D

) 

Perm
itted by the M

D
E

 
A

vg. D
ay 

(M
G

D
) 

M
ax M

onth 
(M

G
D

) 
L

inganore R
eservoir 

6.000 
4.50 

6.000 
9.000 

M
onocacy R

iver 
2.000 

26.20 
5.700 

8.500 
Fishing C

reek R
eservoir 

0.890 
0.50 

1.900 
3.800 

T
uscarora C

reek 
0.000 

0.20 
0.800 

1.000 
W

ell N
os. 3, 4, and 7 

0.680 
- 

0.565 
0.680 

T
O

T
A

L
 

9.570 
 

14.965 
22.980 

Source:  C
ity of F

rederick D
epartm

ent of E
ngineering – from

 2004 A
nnual W

ater R
eport, 

adjusted to include W
ell N

os. 3 and 7. 
N

O
T

E
:  T

uscarora C
reek is no longer in use. M

onocacy R
iver safe yield is actually 0.00; 

how
ever, the C

ity is currently operating under a consent order from
 M

D
E

 that allow
s a 2.0 

M
G

D
 w

ithdraw
al under low

 flow
 conditions. 

 Safe yield capacity is the quantity of w
ater that can be w

ithdraw
n regularly and 

perm
anently under the w

orst drought of record (1966). 

 3.2.1 
Linganore S

ource 

 T
he L

inganore source is located to the southeast of the C
ity w

ith the w
ater supplied from

 

L
ake L

inganore.  L
ake L

inganore w
as created w

ith the dam
m

ing of L
inganore C

reek in 

1972 by the L
ake L

inganore A
ssociation as a recreational lake, for the L

ake L
inganore 

P
lanned U

nit D
evelopm

ent.  T
he L

ake L
inganore D

am
 w

as constructed in accordance 

w
ith a N

ovem
ber 1, 1968 agreem

ent betw
een the C

ounty and the L
ake L

inganore 

A
ssociation.  T

he L
ake L

inganore A
ssociation ow

ns and operates the lake.  T
he C

ounty 
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also draw
s w

ater directly from
 the lake and treats the w

ater w
ith their ow

n w
ater 

treatm
ent plant located near the dam

. 

 

 
P

h
o

to
 3-1 – L

ake L
in

g
an

o
re 

 L
inganore C

reek is a third order stream
 and a m

ajor tributary of the M
onocacy R

iver.  

T
he L

inganore W
T

P’s intake w
ithdraw

s w
ater directly from

 L
inganore C

reek at about 1-

1/2 m
iles dow

nstream
 from

 the L
ake L

inganore D
am

.  T
he catchm

ent area at the intake is 

approxim
ately 85 square m

iles (54,000 acres). 

 T
he L

inganore D
am

 is earth filled and is about 750 feet long and 62.5 feet high at its 

m
axim

um
 section.  T

he storage volum
e at the tim

e of construction w
as about 854 m

illion 

gallons. 

 

3.2.2 
M

onocacy S
ource 

 T
he M

onocacy R
iver is a second order stream

 and the largest tributary in M
aryland to the 

Potom
ac R

iver, w
hich discharges to C

hesapeake B
ay and the A

tlantic O
cean. 

 T
he M

onocacy source is located to the east of the C
ity consisting of an intake from

 the 

M
onocacy R

iver.  Fort D
etrick also has a river intake adjacent to the C

ity’s M
onocacy 
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intake.  T
he catchm

ent area upstream
 of the C

ity’s M
onocacy intake is about 700 square 

m
iles (448,000 acres) consisting of various land use w

ith over 60%
 being pasture and 

cropland. 

 

 
P

h
o

to
 3-2 – M

o
n

o
cacy R

iver In
take 

 W
ater from

 the M
onocacy R

iver is treated at the M
onocacy W

ater T
reatm

ent Plant. 

 

3.2.3 
M

ountain S
ource 

 T
w

o m
ountain sources are located to the northw

est of the C
ity and consist of Fishing 

C
reek and T

uscarora C
reek.  Fishing C

reek w
as developed as a source in 1897 and w

as 

the second source of w
ater for the C

ity after the original T
uscarora source w

as developed 

in 1870.  T
uscarora C

reek has low
 flow

s during the sum
m

er along w
ith turbidity issues 

and is no longer used by the C
ity.  Fishing C

reek flow
s into Fishing C

reek R
eservoir 

w
here the w

ater is im
pounded.  T

he Fishing C
reek D

am
 w

as constructed in 1925 to 

increase system
 storage.  T

he original construction provided about 60 M
G

 of w
ater.  T

he 

dam
 and spillw

ay w
as raised by five feet in 1933 to increase the storage to 77 M

G
.  T

o 

com
ply w

ith dam
 safety requirem

ents, the dam
 w

as m
odified and the spillw

ay low
ered in 

1981 resulting in a storage capacity of 56 M
G

.  T
he C

ity currently estim
ates the available 

storage at about 50 M
G

. 
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P

h
o

to
 3-3 – O

verflo
w

 at F
ish

in
g

 C
reek R

eservo
ir 

 T
he dam

 is an earth em
bankm

ent about 580 feet long and about 49 feet high.  T
here is a 

concrete core extending the entire length of the dam
. 

 T
he intake is located in the lake and has screen gates at depths of 10 feet and 25 feet. 

 T
he Fishing C

reek w
atershed is m

ostly w
ithin the C

ity’s forest area at the intersection of 

G
am

brill Park R
oad and M

ountaindale R
oad. 

 W
ater from

 the m
ountain source is pre-treated at the Fishing C

reek reservoir w
ith 

additional treatm
ent at the L

ester D
ingle W

ater T
reatm

ent Plant. 
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3.2.4 
W

ells 

 

 
P

h
o

to
 3-4 – W

ell N
o

. 4 

 

 
P

h
o

to
 3-5 – Z

en
o

n
 M

em
b

ran
e P

lan
t 

 T
he C

ity has three available w
ells in Fredericktow

ne V
illage Park, w

hich w
ere granted 

W
ater A

ppropriation and U
se Perm

its in 2003 (W
ell N

o. 4) and 2005 (W
ell N

os. 3 and 
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7).  T
hese w

ere drilled in response to the w
ater shortage crisis.  T

he w
ells w

ere not used 

due to operational issues and w
ater quality issues.  T

he w
ell w

ater w
as originally to be 

treated by a portable Z
enon m

em
brane plant.  D

uring the initial phase of this study, the 

Z
enon m

em
brane plant w

as to be relocated to the M
onocacy W

T
P.  A

 pipeline w
as built 

betw
een the w

ells and the M
onocacy W

T
P w

ith the objective of treating the w
ell w

ater 

w
ith the relocated Z

enon m
em

brane plant.  T
he C

ity subsequently decided not to relocate 

the Z
enon m

em
brane plant.  T

he w
ell w

ater is to be conveyed to the M
onocacy W

T
P for 

treatm
ent.  T

he M
onocacy W

T
P is to be m

odified to treat the w
ell w

ater and to treat the 

M
onocacy R

iver w
ater.  T

he Z
enon m

em
brane plant has since been disassem

bled. 

 

3.3 
W

ater Treatm
en

t P
lan

ts 

 T
he C

ity’s five w
ater treatm

ent plants are: 

 • 
L

inganore W
ater T

reatm
ent P

lant 

• 
M

onocacy W
ater T

reatm
ent Plant 

• 
L

ester D
ingle W

ater T
reatm

ent Plant 

• 
Fishing C

reek W
ater T

reatm
ent P

lant 

• 
Z

enon M
em

brane Plant (decom
m

issioned) 
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3.3.1 
Linganore W

ater T
reatm

ent P
lant 

 

 
P

h
o

to
 3-6 – L

in
g

an
o

re W
ater T

reatm
en

t P
lan

t 

 T
he L

inganore W
ater T

reatm
ent P

lant is located at the end of Plant R
oad, east of 

L
inganore R

oad and treats the w
ater from

 L
inganore C

reek.  T
he original treatm

ent plant 

w
as built in 1932 w

ith three filters and three additional filters w
ere added in 1954.  T

he 

treatm
ent plant w

as further upgraded in 1993 to include flocculation and sedim
entation.  

T
he rated capacity of the L

inganore W
ater T

reatm
ent Plant is 6.0 M

G
D

. 

 C
reek w

ater is gravity conveyed through a 24-inch pipe to a traveling screen and then to a 

14 ft. x 12 ft. suction w
ell.  W

ater is pum
ped from

 the suction w
ell (three pum

ps) into a 

6 M
G

 pre-sedim
entation pond.  T

he w
ater then travels by gravity into the head of the 

plant for treatm
ent.  T

he treatm
ent process consists of corrosion control, coagulation, 

flocculation, sedim
entation, filtration and disinfection.  T

here are tw
o flash m

ix tanks for 

the addition of alum
 and chlorine.  C

arbon lim
e and polym

ers are also added at the flash 

m
ix tanks to im

prove the treatm
ent processes if required. 
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3.3.2 
M

onocacy W
ater T

reatm
ent P

lant 

 

 
P

h
o

to
 3-7 – M

o
n

o
cacy W

ater T
reatm

en
t P

lan
t 

 T
he M

onocacy W
ater T

reatm
ent Plant treats the w

ater from
 the M

onocacy R
iver and is 

located on N
orth M

arket S
treet, southw

est of L
iberty R

oad and adjacent to the Fort 

D
etrick W

ater T
reatm

ent Plant.  T
he facility w

as built in 1960 and w
as expanded from

 

2.0 M
G

D
 to 3.0 M

G
D

 capacity in 1988. 

 W
ater from

 the M
onocacy R

iver is diverted into a 30-inch diam
eter intake pipe that is 

gravity conveyed to a w
et w

ell.  T
he w

ater is then pum
ped into the head of the plant for 

treatm
ent.  T

he treatm
ent process is sim

ilar to the L
inganore W

T
P and consists of 

corrosion control, fluoridation, coagulation, flocculation, sedim
entation, filtration and 

disinfection.  G
as chlorine (for pre-disinfection) and pow

der alum
inum

 sulphate and 

polym
ers as coagulants are added prior to the rapid m

ixer. 
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3.3.3 
Lester D

ingle W
ater T

reatm
ent P

lant 

 

 
P

h
o

to
 3-8 – L

ester D
in

g
le W

ater T
reatm

en
t P

lan
t 

 T
he L

ester D
ingle W

ater T
reatm

ent Plant treats the w
ater from

 the m
ountain source and 

is located on C
hristopher’s C

rossing R
oad, near the intersection of W

hittier D
rive.  T

he 

plant w
as built in 1986 and had a 3.0 M

G
D

 capacity.  T
he current capacity is 1.7 M

G
D

. 

 T
he facility consists of five pressure filters.  E

ach pressure filter is 10 feet in diam
eter 

and has tw
o layers of filter m

edia; 12 inches of anthracite and 24 inches of sand. 

 T
he w

ater into the treatm
ent plant is conveyed by a 12-inch diam

eter supply m
ain from

 

the Fishing C
reek R

eservoir.   
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3.3.4 
F

ishing C
reek W

ater T
reatm

ent P
lant 

 

 
P

h
o

to
 3-9 – F

ish
in

g
 C

reek W
ater T

reatm
en

t P
lan

t 

 

T
he Fishing C

reek plant is a sm
all building located im

m
ediately dow

nstream
 of the dam

 

and houses a control room
 and room

s for storage of chem
icals. L

im
e, fluoride and gas 

chlorine are added to the w
ater from

 the Fishing C
reek reservoir.  

 C
hem

ically treated w
ater is then provided to the 11 houses connected to the supply m

ain 

betw
een the dam

 and the L
ester D

ingle plant.  
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3.3.5 
Z

enon W
ater T

reatm
ent P

lant 

 

 
P

h
o

to
 3-10 – Z

en
o

n
 W

ater T
reatm

en
t P

lan
t 

 T
he potable Z

enon W
ater T

reatm
ent Plant is located at Fredericktow

ne V
illage Park, at 

the south end of Schifferstadt B
oulevard to treat the w

ell w
ater.  It w

as constructed w
ith 

the intent of relocating to the M
onocacy W

ater T
reatm

ent Plant.  T
he portable Z

enon 

ultrafiltration m
em

brane plant has a capacity of 1.0 M
G

D
 and is expandable to 3.0 M

G
D

.   

 T
he potable Z

enon plant w
as disassem

bled in 2006. 

 

3.4 
W

ater S
to

rag
e Tan

ks 

 T
he C

ity has six w
ater storage tanks as follow

s: 

 Z
one 462 

• 
L

inden T
ank 

(2,000,000 gal) 
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• 
V

ernon A
venue T

ank  
(1,000,000 gal) 

• 
South C

arroll Street T
ank 

(1,000,000 gal) 

 

Z
one 595 

• 
B

ow
ers R

oad T
ank  

(1,000,000 gal) 

• 
B

utterfly L
ane T

ank  
(750,000 gal) 

• 
W

hittier T
ank  

(1,000,000 gal) 

 

T
he total storage volum

e is 6,750,000 gallons. 

 

3.4.1 
Linden T

ank 

 

L
inden T

ank has a top w
ater level of 462 ft.  It is fed from

 the pum
ps at M

onocacy and 

L
inganore w

ater treatm
ent plants.  It has an internal diam

eter of 104 feet and a depth of 

32 feet. 

 T
he L

inden T
ank is a dom

e roof tank of w
ire-w

ound, circular, prestressed-concrete 

construction.  A
ccording to the draw

ings supplied, the tank w
as built in the early 1980’s 

and has a capacity of 2,000,000 gallons.  T
here is also a concrete valve vault on the tank 

site. 

 
P

h
o

to
 3-11 - L

in
d

en
 T

an
k (2,000,000 g

al) 
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 3.4.2 
V

ernon A
venue T

ank 

 

V
ernon A

venue T
ank is a one m

illion gallon elevated storage tank w
ith a top w

ater level 

of 472 feet.  It is also fed from
 the pum

ps at M
onocacy and L

inganore w
ater treatm

ent 

plants. 

 T
he V

ernon A
venue T

ank is w
elded steel construction built in 1960 by Pittsburgh-D

es 

M
oines S

teel C
om

pany.  T
he 76 ft-0 inches diam

eter by approxim
ately 35 ft-0 inches tall 

tank is supported on ten 2 ft-8 inches diam
eter colum

ns w
ith a 10 ft-0 inches diam

eter 

riser in the center.  T
he colum

ns and riser bear on reinforced concrete foundations w
ith 

the riser foundation containing a valve vault. 

 

 
P

h
o

to
 3-12 - V

ern
o

n
 A

ven
u

e T
an

k (1,000,000 g
al) 
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3.4.3 
S

outh C
arroll S

treet T
ank 

 

South C
arroll Street T

ank is a one m
illion gallon elevated storage tank w

ith a top w
ater 

level of 460 feet.  It is fed from
 the pum

ps at M
onocacy and L

inganore w
ater treatm

ent 

plants. 

 T
he C

arroll Street T
ank is w

elded steel construction built in 1948 by C
hicago B

ridge and 

Iron C
om

pany.  T
he 71 ft-6 inches diam

eter by approxim
ately 35 ft-0 inches tall tank is 

supported on ten 4 ft-0 inches diam
eter colum

ns w
ith an 8 ft-0 inches diam

eter riser in 

the center.  T
he colum

ns and riser bear on reinforced concrete foundations w
ith a 

separate reinforced concrete valve vault on the site.     

 

 
P

h
o

to
 3-13 - S

o
u

th
 C

arro
ll S

t. T
an

k (1,000,000 g
al) 

 3.4.4 
B

ow
ers R

oad T
ank 
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B
ow

ers R
oad T

ank is located at the w
esternm

ost extent of the C
ity’s distribution system

.  

T
he tank has a top w

ater level of 595 feet and is fed from
 the R

oute 40 booster station. 

T
he tank has an internal diam

eter of 85 feet and a depth of 24 feet.   

 T
he B

ow
ers R

oad T
ank is a dom

e roof tank of w
ire-w

ound, circular, pre-stressed 

concrete construction.  A
ccording to the draw

ings supplied, the tank w
as built in the late 

1980’s or early 1990’s and has a capacity of 1,000,000 gallons.  T
here is also a concrete 

valve vault at the tank site. 

 

 
P

h
o

to
 3-14 - B

o
w

ers R
o

ad
 T

an
k (1,000,000 g

al) 

 

3.4.5 
B

utterfly Lane T
ank 

 

B
utterfly L

ane T
ank is a 750,000 gallon elevated storage tank w

ith a top w
ater level of 

595 feet and is fed from
 the R

oute 40 booster station. 

 T
he B

utterfly L
ane T

ank is w
elded steel construction built in 1973 by Pittsburgh-D

es 

M
oines S

teel C
om

pany.  T
he 59 ft-0 inches diam

eter by approxim
ately 40 ft-0 inches tall 
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tank is supported on seven 3 ft-0 inches diam
eter colum

ns w
ith a 6 ft-0 inches diam

eter 

riser in the center.  T
he colum

ns and riser bear on reinforced concrete foundations w
ith 

the riser foundation containing a valve vault.  T
here is also a separate valve vault on the 

site just south of the tank.     

 

 
P

h
o

to
 3-15 - B

u
tterfly L

an
e T

an
k (750,000 g

al) 

 3.4.6 
W

hittier T
ank 

 

W
hittier T

ank has a top w
ater level of 595 feet.  It is fed from

 the L
ester D

ingle booster 

station.  It has an internal diam
eter of 60 feet and a depth of 48 feet. 

 T
he W

hittier T
ank is a dom

e roof tank of w
ire-w

ound, circular, prestressed-concrete 

construction.  A
ccording to the draw

ings supplied, the tank w
as built in the early 1990’s 

and has a capacity of 1,000,000 gallons.  T
here is also a concrete valve vault at the tank 

site. 
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P

h
o

to
 3-16 - W

h
ittier T

an
k (1,000,000 g

al) 

 

3.5 
W

ater P
u

m
pin

g S
tation

s 

 T
he C

ity has three pum
ping stations: 

 

• 
R

oute 40 W
est Pum

ping Station 

• 
L

ester D
ingle Pum

ping S
tation 

• 
W

hittier B
ooster Pum

ping Station 

 3.5.1 
R

oute 40 W
est P

um
ping S

tation 

 T
he R

oute 40 B
ooster Station (or the W

estern H
igh Z

one B
ooster) w

as constructed in 

1969 and upgraded in 1987.  T
he booster station contains tw

o 100 H
P pum

ps and one 40 

H
P

 pum
p.  T

he 100 H
P

 pum
ps each have a rated capacity of 1390 gpm

 at 160 ft T
D

H
 and 

the 40 H
P pum

p has a rated capacity of 750 gpm
 at 160 ft T

D
H

. 
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 T
he pum

p station is controlled by the levels in B
ow

er’s R
oad and B

utterfly L
ane tanks.  

B
ow

er’s R
oad tank is the lead tank. 

 

3.5.2 
Lester D

ingle P
um

ping S
tation 

 T
he L

ester D
ingle booster station w

as constructed in 1990.  T
he booster station contains 

tw
o 100 H

P
 pum

ps.  T
he 100 H

P
 pum

ps each have a rated capacity of 1100 gpm
 at 175 ft 

T
D

H
. 

 T
he pum

p station is controlled by the levels in the W
hittier T

ank.  

 

3.5.3 
W

hittier P
um

ping S
tation 

 

T
he W

hittier Pum
ping Station w

as constructed in 2005/06 and w
ill service the higher 

areas above the existing W
hittier T

ank.  Initially, the station w
ill service approxim

ately 

45 single fam
ily and 75 m

ulti-fam
ily hom

es.  B
oth dom

estic service and fire protection 

w
ill be provided.  L

ow
 flow

s w
ill be provided through the use of a hydropneum

atic tank. 

 T
he pum

ping station w
as designed to be upgraded to pum

p to a Z
one 730 tank. 
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T
H

E
 C

IT
Y

 O
F

 F
R
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E
R
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A
T

E
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L

A
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W
A

T
E

R
 D

E
M

A
N

D
 P

R
O

JE
C

T
IO

N
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 4.1 
P

op
ulatio

n P
ro

jection 

 

Population projections w
ere initially based on H

N
T

B
’s 2004 C

om
prehensive Plan’s E

xpanding 

H
orizon G

row
th Scenario. T

he follow
ing populations w

ere forecasted: 

 

G
row

th Scenario 
Y

ear 2030 
Y

ear 2000 
Population Increase 

E
xpanding H

orizon 
104,000 

52,800 
51,200 

 

A
fter a teleconference w

ith the C
ity on January 4, 2007 and m

eetings w
ith the C

ity on January 

30, 2007 and O
ctober 25, 2007, it w

as decided that the C
ity could not feasibly serve the 

E
xpanding H

orizons grow
th scenario w

ith public w
ater and sanitary sew

er. T
herefore, the 

PR
W

SA
 service area w

as adopted for this study. 

 Figure 4-1 illustrates the projected populations based on the dem
ands listed in the PR

W
SA

. 

 

4.2 
A

verag
e an

d
 M

axim
u

m
 D

ay D
em

an
d

s 

 

T
he C

ity’s w
ater usage records from

 1991 to 2005 w
ere review

ed.  T
he average day, 

m
axim

um
 day and population are sum

m
arized in T

able 4-1 along w
ith the annual per 

capita w
ater dem

ands. 
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T
A

B
L

E
 4-1 

S
U

M
M

A
R

Y
 O

F
 W

A
T

E
R

 D
E

M
A

N
D

S
 

Y
ear 

A
verage 

D
ay (M

G
) 

M
axim

um
 

D
ay 

(M
G

) 

D
ate of 

M
axim

um
 

D
ay 

Population 

A
verage D

ay P
er 

C
apita W

ater 
D

em
and* 

(gpcpd) 
1991 

5.481 
7.749 

July 21 
41,296 

132.7 
1992 

5.851 
7.401 

O
ct. 8 

42,436 
137.9 

1993 
5.928 

8.246 
A

ug. 30 
43,607 

135.9 
1994 

6.090 
9.167 

June 6 
44,811 

135.9 
1995 

6.112 
8.004 

A
ug. 3 

46,049 
132.7 

1996 
6.108 

7.870 
A

pr. 23 
47,320 

129.1 
1997 

6.463 
8.526 

July 31 
48,627 

132.9 
1998 

6.511 
8.385 

June 16 
49,969 

130.3 
1999 

6.646 
9.256 

June 9 
51,349 

129.4 
2000 

6.210 
7.915 

July 31 
52,767 

117.7 
2001 

6.800 
8.292 

A
ug. 8 

53,797 
126.4 

2002 
6.811 

8.969 
July 9 

54,847 
124.2 

2003 
6.324 

8.161 
M

ar. 31 
55,918 

113.1 
2004 

6.255 
8.626 

M
ay 4 

57,009 
109.7 

2005 
5.815 

8.253 
July 30 

58,122 
100.0 

 
*N

O
T

E
 – T

he A
verage D

ay P
er C

apita D
em

and includes non-residential dem
ands. 

 

T
he C

ity advises that the 2005 m
axim

um
 day of 8.643 M

G
 w

as the result of hydrant 

flushing in the W
hittier area to restore chlorine residuals and the L

ester D
ingle W

T
P 

being placed back on-line.  T
he low

 chlorine residuals w
ere due to the L

ester D
ingle 

W
T

P being off-line.  L
arge quantities of w

ater w
ere used to flush the W

T
P and the 

Fishing C
reek Supply M

ain.  W
e consider this event not representative and therefore the 

second highest w
ater usage day of 8.253 M

G
D

 on M
ay 11, 2005 w

as used as the 

m
axim

um
 day for 2005. 

 Figure 4-2 illustrates the C
ity’s population and the per capita dem

and from
 year 1991 to 

year 2005.  T
he population grow

th rate over the 15 year period is about 2.3%
 w

ith 41,296 

people in 1991 and increasing to 58,122 in year 2005.  O
f interest is that the per capita 

w
ater usage has been declining from

 a high of 137.9 gpcpd in 1992 to a low
 of 100.0 

gpcpd in 2005.  T
his reduction is m

ainly due to the C
ity’s leak reduction program

 during 

the past three years. 
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 4.3 
P

eakin
g

 F
acto

r 

 T
he peaking factor is used to determ

ine future m
axim

um
 day dem

ands based on historic 

average day flow
s.  M

axim
um

 day dem
and is used to determ

ine future tank storage 

requirem
ents, w

ater treatm
ent plant design capacities and sizing of w

aterm
ains.  

M
axim

um
 day dem

and is also used as a base scenario w
hen running fire flow

 

sim
ulations. 

 T
he peaking factor is the ratio of m

axim
um

 day dem
and divided by the average day 

dem
and for a given year.  Figure 4-3 illustrates the average day dem

ands, m
axim

um
 day 

dem
ands and the peaking factors from

 1991 to 2005. 

 T
he 15 year average peaking factor from

 1991 to 2005 is 1.34 and the 20 year average 

peaking factor is 1.33 (year 1986 to 2005).   

 T
he C

ity’s peaking factor for years 1960 to 2001 is 1.30.  T
he trend is that the peaking 

factor is increasing at a slow
 rate. 

 T
he W

ater A
llocation O

rdinance stipulates the follow
ing peaking factors: 

 • 
1.30 to be in effect to N

ovem
ber 1, 2004 

• 
1.35 to be used during the interim

 until the Potom
ac source is available 

• 
1.40 to be used once the Potom

ac source is on-line 

 T
his com

pares w
ith a 1.60 peaking factor used by the C

ounty for their design of the 

Potom
ac w

ater supply system
. 
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T
he C

ity’s 1965 W
ater R

eport used a peaking factor of 1.50 and the 2000 C
hester R

eport 

used 1.32 for year 2020.  O
ur opinion is that the 1.32 ratio used in the 2000 C

hester 

R
eport is low

. 

 T
he C

ity currently has a heavy industrial com
ponent, w

hich tends to low
er the peaking 

factor w
hen com

pared to sim
ilar com

m
unities w

ith a large residential population.  T
he 

anticipated trend is that the traditional heavy industries w
ill be replaced by bio-tech firm

s.  

T
he C

ity’s grow
th is anticipated to be m

ore residential, w
hich w

ill increase the peaking 

factor due to dom
estic and law

n sprinkling dem
ands.  Industrial peak dem

ands are 

norm
ally not as high as residential peaks. T

he im
pact of bio-tech grow

th and the 

corresponding loss of heavy industry on peak w
ater dem

and is unknow
n. 

 A
 peaking factor of 1.60 w

as used for this Study instead of 1.42 for the follow
ing 

reasons: 

 1. 
T

he trend is that the peaking factor is increasing (1.38 in year 2004 and 1.42 in year 

2005).  T
his is likely due to the C

ity’s aggressive leak detection program
 w

hich is 

reducing the per capita w
ater consum

ption and hence the low
er daily average 

dem
and. 

 2. 
T

he C
ounty is using a 1.60 peaking factor for the Potom

ac supply design.  It w
ould be 

desirable for the C
ity and the C

ounty to use the sam
e design criteria to avoid 

confusion especially if the tw
o w

ill be sharing inform
ation on the w

ater m
odels, as 

required in the Potom
ac R

iver W
ater Supply A

greem
ent. 

 3. 
T

he 1.60 peaking factor w
ill be a m

ore conservative approach that w
ill provide a 

safety factor for the scheduling of infrastructure im
provem

ents in the future. If w
ater 

reuse is provided in future, the peaking factor w
ill be reduced. 

 4.4 
P

ro
jected

 W
ater D

em
an

d
s V

ersu
s A

vailab
le S

u
p

ply 
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T
he C

ity’s existing allow
able supply from

 the various sources is sum
m

arized as follow
s: 

 • 
L

ake L
inganore w

ater treatm
ent plant (Safe Y

ield) 
6.0 M

G
D

 

• 
M

onocacy w
ater treatm

ent plant (M
D

E
 C

onsent O
rder) 

2.0 M
G

D
 

• 
L

ester D
ingle w

ater treatm
ent plant 

0.89 M
G

D
 

• 
W

ells 3, 4 and 7 (Safe Y
ield) 

     0.68 M
G

D
 

T
O

T
A

L
 

9.57 M
G

D
 

 T
he C

ounty has indicated the follow
ing schedule for w

ater from
 the Potom

ac: 

 

 
M

axim
um

 D
ay 

D
ate 

C
ity Sources 
(M

G
D

) 
C

ounty-Potom
ac 

(M
G

D
) 

T
otal 

(M
G

D
) 

E
xisting  

9.57 
- 

9.57 
2009 

7.57* 
8.00 

15.57 
2015 

7.57* 
12.00** 

19.57 
 

*N
O

T
E

: 
T

he 2002 C
onsent O

rder C
O

-02-01-W
S w

hich perm
its the C

ity to w
ithdraw

 2.0 M
G

D
 from

 the 

M
onocacy R

iver w
hen the river flow

s are below
 the 26.2 M

G
D

 flow
 by requirem

ents has been set 

to expire on D
ecem

ber 31, 2006.  W
e are assum

ing that M
D

E
 w

ill extend this C
onsent O

rder until 

sufficient w
ater is available from

 the C
ounty’s P

otom
ac source.  T

he adequate safe yield from
 the 

M
onocacy w

ill be zero by year 2009. 

**N
O

T
E

: 
T

he P
otom

ac R
iver W

ater S
upply A

greem
ent betw

een the C
ity and the C

ounty identifies that the 

12.0 M
G

D
 ultim

ate need value is subject to adjustm
ent w

hen supporting docum
entation is 

developed for the next increase in the W
ater A

ppropriation and U
se P

erm
it.  

 

T
able 4-2 sum

m
arizes the C

ity’s projected m
axim

um
 day dem

ands (assum
ing a 1.60 

peaking factor on all future dem
ands) through 2040 for both residential and non-

residential dem
ands.   
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T
A

B
L

E
 4-2 

P
R

O
JE

C
T

E
D

 W
A

T
E

R
 D

E
M

A
N

D
S

 

Y
ear 

R
esidential 

Population 

M
axim

um
 D

ay D
em

and 

R
esidential 

D
em

and (M
G

D
) 

N
on-

R
esidential 
D

em
and 

(M
G

D
) 

T
otal 

D
em

and 
(M

G
D

) 

2005 
58,000 

5.10 
3.16 

8.26 
2010 

62,456 
5.97 

4.10 
10.07 

2015 
68,434 

6.93 
5.10 

12.03 
2020 

74,984 
7.98 

6.20 
14.18 

2025 
82,162 

9.13 
7.40 

16.53 
2030 

90,026 
10.39 

8.72 
19.10 

2035 
98,643 

11.76 
10.16 

21.92 
2040 

108,085 
13.28 

11.74 
25.02 

  Figure 4-4 illustrates the projected m
axim

um
 day dem

and to year 2040 for a 1.40 and for 

a 1.60 peaking factor for the PR
W

S
A

 grow
th scenario along w

ith the C
ity’s projected 

adequate safe yield. 

 T
he C

ity w
ill need additional w

ater supply by the year 2031 for a 1.60 peaking factor. 

T
he C

ity w
ill not need additional w

ater supply until beyond the year 2040 for a 1.40 

peaking factor. 

  

 

4.5 
F

easib
ility o

f In
terco

n
n

ectin
g

 O
th

er A
reas 

 T
he feasibility of interconnecting areas outside of the C

ity boundaries such as C
lover H

ill 

and the W
alkersville system

 w
as evaluated. 

 C
lover H

ill currently has a population of approxim
ately 3,400 people and W

alkersville 

currently has a population of approxim
ately 5,600 people. 
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T
he addition of either of these com

m
unities w

ould have the effect of fast-tracking the 

im
provem

ents identified in this report.  A
dditional considerations such as storage, H

G
L

, 

and the distribution netw
ork w

ithin each com
m

unity w
ould have to be taken into account 

before C
ity w

ater could be provided. 

 For the w
ater supply, the im

pacts are show
n in T

able 4-3 below
.  For this analysis it w

as 

assum
ed that both W

alkersville and C
lover H

ill have a population grow
th of 2%

 per year, 

and that the M
axim

um
 D

ay to A
verage D

ay P
eaking Factor w

as 1.60. 

 
T

A
B

L
E

 4-3 
W

A
T

E
R

 S
U

P
P

L
Y

 IM
P

A
C

T
S

 
Y

ear at W
hich D

em
and E

xceeds 19.57 M
G

D
 (C

urrent C
ity 

Sources Plus Potom
ac Supply @

 12.0 M
G

D
) 

W
ithout 

W
alkersville 

and C
lover 

H
ill 

W
ith 

W
alkersville 

O
nly 

W
ith C

lover 
H

ill O
nly 

W
ith 

W
alkersville 

and C
lover 

H
ill 

2031 
2026 

2028 
2023 

  Servicing by the C
ity is feasible for both areas.  Im

provem
ents identified in this report 

should be review
ed prior to their design in order to confirm

 sizes. 
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T
H

E
 C

IT
Y

 O
F

 F
R

E
D

E
R

IC
K

 
2006 W

A
T

E
R

 M
A

S
T

E
R

 P
L

A
N

 
  5.0 

H
Y

D
R

A
U

L
IC

 M
O

D
E

L
IN

G
 

 5.1 
Introdu

ction 

 

A
s a portion of the w

ork involved in the C
om

prehensive U
pdate to the 2000 W

ater 

M
aster P

lan, the C
ity of Frederick retained D

ayton &
 K

night L
td. to create and calibrate 

a new
 w

ater distribution m
odel in H

2 O
M

A
P.  T

his m
odel w

as to include steady state, 

extended period sim
ulation (E

PS), transient analysis, and a w
ater quality sim

ulation. 

 In 2000, an E
PA

N
E

T
 m

odel w
as created for the analysis of the distribution system

 for the 

2000 W
ater M

aster Plan U
pdate.  T

his m
odel w

as converted to C
Y

B
E

R
N

E
T

 (H
aestad 

M
ethods) in 2002 to integrate w

ith Frederick C
ounty’s m

odel.  T
he C

ity has since 

purchased H
2 O

M
A

P and has converted the C
Y

B
E

R
N

E
T

 m
odel to this form

at. 

 T
his new

 H
2 O

M
A

P m
odel w

as calibrated and used for analysis of the distribution system
 

for the 2006 W
ater M

aster Plan U
pdate.  Further, the C

ity w
ill use this calibrated m

odel 

for capital w
orks planning, fire flow

 analysis, and subdivision approvals.  T
here has been 

a need to calibrate the m
odel to confirm

 that the “C
” values, dem

and assignm
ents, and 

pum
p curves are correct.  A

 calibrated w
ater m

odel is a critical tool to assist in analyzing 

any w
ater supply and distribution system

. 
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5.2 
M

o
d

el D
evelop

m
en

t 

 

A
 com

puter m
odel of the C

ity’s w
ater system

 w
as developed using the H

2 O
M

A
P

 

softw
are w

ith data from
 the C

ity’s existing w
ater m

odel and background inform
ation 

provided by the C
ity.  T

he details of the w
ater developm

ent are provided in a separate 

technical report “W
ater M

odel D
evelopm

ent &
 C

alibration – C
om

pletion R
eport”. 

 

5.3 
M

o
d

el C
alib

ratio
n 

 W
ater m

odel calibration is an im
portant step in developing a w

ater m
odel.  C

alibration 

allow
s the m

odeler to have greater confidence in the results of the m
odel, as these have 

been verified in the field. 

 

5.3.1 
H

ydrant T
esting 

 H
ydrant flow

 tests w
ere conducted over tw

o days from
 O

ctober 6-7, 2005. 

 T
he procedure used to collect data for m

odel calibration w
as m

ulti-pressure m
onitoring, 

and is outlined as follow
s: 

 • 
Four high-resolution pressure loggers (± 0.2%

 of full scale) w
ere installed on pre-

determ
ined pressure hydrants and one adjacent to the flow

 hydrant. 

• 
A

 single 2½
-inch pitot gauge com

plete w
ith diffuser w

as installed on a pre-

determ
ined flow

 hydrant port to achieve full hydrant flow
.  T

his is show
n in Photo 

5-1. 

• 
C

ity crew
 m

onitored flow
 and supervised drainage. 

• 
Flow

 rates w
ere recorded from

 the flow
 gauge.  T

his flow
 is later com

pared to the 

recorded flow
 in the data logger to ensure accuracy of the instrum

ent. 

• 
Pressure loggers w

ere rem
oved, stopped and dow

nloaded into a com
puter program

.  

From
 this recorded data, static and residual pressures w

ere later retrieved. 
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P

h
o

to
 5-1 - P

ito
t G

au
g

e O
n

 F
lo

w
 H

yd
ran

t 

 

5.3.2 
F

ield P
rocedure 

 T
he field calibration undertaken for this project used the flow

 and pressure data collected 

and com
pared these test results to m

odeled results.  T
ypically, com

puter and field results 

should agree to w
ithin 10-15%

. 

 

Storage tank levels w
ere recorded during the flow

 testing, and these levels w
ere then used 

to determ
ine if booster pum

ps w
ere on or off based on the booster set points.  A

 review
 of 

the tank levels during the testing indicated if the tanks w
ere filling or draining. 

 

5.3.3 
C

alibration R
esults  
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A
 review

 of the w
ater treatm

ent plant production records indicated that the dem
and for 

these days w
as 70%

 of M
axim

um
 D

ay and 65%
 of M

axim
um

 D
ay for O

ctober 6 and 7, 

2005, respectively.  T
he background dem

ands w
ere set accordingly in the m

odel. 

 A
 series of steady state analysis w

ere undertaken for each of the flow
 tests.  C

orrelation 

of field pressures and the m
odel predicted pressures w

as excellent.  G
enerally, all of the 

field pressures w
ere w

ithin 10%
 of the m

odeled pressures, although there w
ere a few

 that 

w
ere betw

een 10%
 to 15%

. 

 A
 m

ore in-depth analysis of the calibration is provided in the W
ater M

odel C
om

pletion 

R
eport. 

 

5.3.4 
E

xtended P
eriod S

im
ulations 

 

E
xtended period sim

ulation (E
PS) diurnal patterns w

ere developed based on inform
ation 

collected by the C
ity on M

ay 31, 2006.  D
uring this period the C

ity took readings of tank 

levels, pum
p status, and w

ater treatm
ent plant discharge flow

s and pressures on an hourly 

basis.  T
hese data w

ere used to develop the diurnal dem
and pattern and calibrate the E

P
S

 

m
odel. 

 5.3.5 
D

iurnal P
attern 

 T
he daily diurnal pattern used in the E

PS m
odel w

as determ
ined through the analysis of 

the data provided by the C
ity, and is show

n graphically in Figure 5-1. 
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F

ig
u

re 5-1- C
ity O

f F
red

erick D
iru

n
al D

em
an

d
 P

attern
 

 5.3.6 
C

alibration 

 

T
he E

PS w
as run using the diurnal tim

e (1hour) steps illustrated in Figure 5-1. 

 A
vailable pum

p data w
ere input to the m

odel.  T
his inform

ation consisted of a 

com
bination of data in the existing m

odel and rated pum
p capacity as recorded from

 the 

pum
p nam

eplates.  Pum
p controls w

ere entered as provided by the C
ity. 

 M
odeled tank levels w

ere com
pared to m

easured tank levels during the duration of the 

data recording period.  W
ith the exception of V

ernon T
ank, the correlation betw

een 

m
odeled and recorded data w

as excellent. 

 

5.4 
D

esig
n

 C
riteria 

 T
he design criteria used for this analysis included a review

 of m
inim

um
 service pressures 

and available fire flow
s as described under this section. 
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5.4.1 
S

ervice P
ressures 

 

Service pressures w
ere based on the sam

e criteria as those set out in the 2000 W
ater M

aster 

Plan U
pdate.  T

hese are the sam
e criteria as those from

 Frederick C
ounty’s D

esign M
anual 

for W
ater and Sew

er Facilities.  T
he criteria are show

n in T
able 5-1. 

 

T
A

B
L

E
 5-1 

D
E

S
IG

N
 S

E
R

V
IC

E
 P

R
E

S
S

U
R

E
 C

R
IT

E
R

IA
 

C
ondition 

Pressure 
(psi) 

M
inim

um
 Peak D

em
and Pressure 

35 
M

axim
um

 A
llow

able Pressure 
112 

M
inim

um
 Fire H

ydrant P
ressure (R

esidual) 
20 

 For the purpose of developing service areas, the m
inim

um
 pressure of 40 psi w

as selected 

for the follow
ing reasons: 

 • 
T

o allow
 for higher pressures in the upper storeys of houses 

• 
T

o better allow
 for use of fire sprinklers 

 

Figure 5-2 show
s the proposed service lim

its based on the 40 psi m
inim

um
 pressure criteria. 

 

5.4.2 
F

ire P
rotection and S

torage 

 

W
ater distribution system

s m
ust be able to deliver large volum

es of w
ater for fire 

protection in addition to norm
al w

ater dem
ands. 

 

 
Fire protection assum

ptions are: 

 

1. 
O

nly one fire w
ill be fought at any one tim

e. 

2. 
T

o ensure pum
per trucks obtain adequate w

ater supplies from
 hydrants, a m

inim
um

 

residual pressure of 20 psi on the street m
ain is required during fires. 
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3. 
Fire flow

 is coincident w
ith m

axim
um

 day dem
and. 

 R
eservoir storage volum

e w
as determ

ined using the follow
ing criteria: 

 

E
Q

U
A

T
IO

N
 5-1 

 

V
 

=
 

A
 + B

 + C
 

A
 

=
 

Fire storage 

B
 

=
 

B
alancing (25%

 of m
ax day) 

C
 

=
 

E
m

ergency Storage (25%
 of A

+
B

) 

 

5.5 
S

ystem
 A

n
alysis 

 A
 system

 analysis w
as undertaken for existing infrastructure and dem

ands.  A
verage, 

peak hour, and m
axim

um
 day plus fire flow

 scenarios w
ere sim

ulated. 

 

5.5.1 
E

xisting (2005) 

 

1. 
A

verage D
ay 

 

E
xisting average day pressures for dem

and nodes ranged from
 40 psi to 88 psi in Z

one 

462.  T
he low

er pressures w
ere along the Z

one 462/595 boundary.  In Z
one 595, existing 

average day pressures ranged from
 44 psi to 108 psi.  T

he higher pressures w
ere along 

the Z
one 462/595 boundary. 

 2. 
Peak H

our 

 

For design purposes, Frederick C
ounty uses an average day to peak hour peaking factor 

of 4.0.  T
he C

ity does not currently have the flow
 records to adequately define a peak 
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hourly peaking factor, so for the purposes of this M
aster Plan U

pdate the C
ounty’s design 

value w
as used. 

 For peak hour, pressures in Z
one 462 ranged from

 34 psi to 86 psi.  Pressures in Z
one 

595 ranged from
 36 psi to 104 psi.  T

he locations of junctions not m
eeting the m

inim
um

 

pressure requirem
ent of 35 psi are show

n in Figure 5-3. 

 T
he low

-pressure locations in the L
inden T

ank area are near the high point of land from
 

L
inden.  T

hese junctions do not service any properties – all properties in these locations 

are serviced form
 the W

estern H
igh Z

one. 

 T
he low

-pressure junction near B
ow

ers T
ank is at a high point of land and does not 

service any properties.  T
his w

ill likely be serviced by the B
irdseye booster station. 

 T
here are tw

o general areas w
here low

 pressures occur that service residential properties.  

T
he low

 pressures that occur in the A
m

ber M
eadow

s area are near high-points of land.  

T
his area is also located relatively far from

 a tank.  T
he low

 pressures that occur in the 

Y
ellow

 Springs/O
ld Farm

 area are in Z
one 462, along the Z

one 595 border.  T
he 

pressures in this area fall below
 35 psi under existing average day conditions if the L

ester 

D
ingle W

T
P is off-line. 

 3. 
M

axim
um

 D
ay Plus Fire Flow

 

 

T
he 2000 W

ater M
aster Plan U

pdated listed several locations of target fire flow
s.  It is 

understood that these locations w
ere developed based on the follow

ing: 

 • 
Inform

ation contained in the Insurance Services O
rganization (ISO

) C
om

m
ercial R

isk 

Services 1992 letter report to the C
ity. 

• 
1991 W

ater M
aster Plan U

pdate. 
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• 
E

stim
ates based upon consideration of the general character of the developm

ent in 

proxim
ity to the test location. 

 

T
hese locations w

ere review
ed prior to analysis, and w

ere m
odeled w

ith existing 

m
axim

um
 day dem

ands, w
ith a required residual system

 pressure of 20 psi under fire 

flow
 conditions.  For the fire flow

 analysis, all of the pum
ps in the R

oute 40 Pum
p 

Station w
ere assum

ed to be running.  O
ne pum

p in the L
ester D

ingle Pum
p Station w

as 

assum
ed to be running.  T

he com
puter sim

ulation results are show
n in the follow

ing 

T
able 5-2. T

he shaded values identify system
 deficiencies. 

 

T
A

B
L

E
 5-2 

R
E

C
O

M
M

E
N

D
E

D
 E

X
IS

T
IN

G
 A

N
D

 A
V

A
IL

A
B

L
E

 F
IR

E
 F

L
O

W
S

  
D

U
R

IN
G

 M
A

X
IM

U
M

 D
A

Y
 S

C
E

N
A

R
IO

 

Junction 
ID

 
L

ocation 
R

ecom
m

ended 
Fire Flow

 
(gpm

) 

A
vailable 

Fire Flow
 

(gpm
) 

3-PR
4 

H
illcrest C

enter 
5,000 

5,800 
J-1681 

B
allenger C

reek C
enter 

2,650 
7,700 

J-1696 
Schifferstadt B

oulevard and E
ast 16

th Street 
2,000 

6,300 
J-2011 

N
orth A

m
ber B

usiness Park 
5,000 

4,760 
J-2289 

R
oute 15 N

 L
oop 

2,000 
2,900 

J-2694 
W

yngate D
rive and N

orth Place 
2,800 

2,000 
J-279 

B
ailes L

ane and E
ast Patrick Street 

3,500 
10,000 

J-2849 
C

arroll Parkw
ay and K

line B
oulevard 

5,000 
2,085 

J-2859 
Frederick Fairgrounds 

5,000 
5,340 

J-2880 
South Jefferson Street and Scholl’s L

ane 
3,500 

1,740 
J-2888 

R
osem

ont A
venue and M

ilitary R
oad 

1,750 
3,250 

J-289 
E

ast Patrick Street and N
orth W

isner Street 
5,900 

9,000 
J-294 

O
possum

tow
n Pike and C

om
m

unity C
ollege D

r. 
3,000 

3,600 
J-3006 

W
est Patrick Street and South Jefferson Street 

2,250 
1,925 

J-3039 
Frederick M

em
orial H

ospital 
5,000 

11,300 
J-336 

N
orth C

rossing Subdivision 
2,000 

3,150 
J-352 

M
ontevue L

ane and Shookstow
n R

oad 
2,250 

6,600 
J-4050 

W
hittier Subdivision 

2,000 
7,100 

J-4333 
T

askers C
hance Subdivision 

4,000 
10,000 

J-4470 
G

olden M
ile M

arket Place 
5,000 

8,200 
J-4755 

O
ld Farm

 R
oad and Y

ellow
 Springs R

oad 
3,000 

2,200 
J-4842 

M
ill Pond and Five Shillings D

rive 
1,000 

2,500 
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Junction 
ID

 
L

ocation 
R

ecom
m

ended 
Fire Flow

 
(gpm

) 

A
vailable 

Fire Flow
 

(gpm
) 

J-599 
W

estpointe Plaza 
5,000 

8,700 
J-620 

H
ayw

ard R
oad and T

hom
as Johnson D

rive 
3,500 

3,900 
J-7103 

W
est 7

th Street and T
aney A

venue 
5,000 

5,900 
J-7108 

W
heyfield D

rive 
2,000 

4,300 
J-7111 

W
orm

ans M
ill Subdivision 

4,000 
2,370 

J-7123 
M

onocacy B
oulevard and E

ast South Street 
3,000 

12,000 
J-7186 

W
alter M

artz R
oad 

1,000 
3,375 

J-817 
C

rum
land Farm

s D
evelopm

ent 
3,000 

1,470 
J-822 

R
ockledge Plaza 

6,000 
6,000 

J-823 
M

onocacy M
eadow

s 
2,000 

9,200 
J-847 

O
verlook Subdivision 

4,000 
2,600 

 A
s show

n above, there are 9 junctions that do not m
eet the fire flow

 criteria.  T
hese 

junctions are as follow
s: 

 • 
J-2011 

• 
J-7111 

• 
J-2694 

• 
J-817 

• 
J-2849 

• 
J-847 

• 
J-2880 

• 
J-4755 

• 
J-3006 

 
 T

he fire flow
 junctions are also show

n graphically in Figure 5-4. 

 4. 
U

pgrades to S
ystem

 

 T
he 2000 W

ater M
aster Plan U

pdate had several recom
m

endations to im
prove the 

distribution system
 and m

eeting targeted fire flow
s.  T

hese have been review
ed and 

revised. 

 T
able 5-3 lists the required im

provem
ents recom

m
ended to the existing distribution 

system
.  T

hese are show
n graphically in Figure 5-5.  U

nless otherw
ise specified, all 

proposed m
ains are assum

ed to be in parallel w
ith existing m

ains.  T
hese im

provem
ents 

are show
n in greater detail in A

ppendix B
.
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T
A

B
L

E
 5-3 

R
E

C
O

M
M

E
N

D
E

D
 S

Y
S

T
E

M
 IM

P
R

O
V

E
M

E
N

T
S

 
Item

 
R

ecom
m

ended Im
provem

ents 
R

eason 
Source 

E
-1 

C
onstruct 750,000 gallon elevated tank in the 

A
m

ber M
eadow

s area. 
Im

prove Fire Flow
s 

A
lleviate L

ow
 Pressure 

D
&

K
 

E
-2 

C
onstruct approxim

ately 1,650 feet of 12-inch 
diam

eter m
ain on Patrick Street betw

een M
onroe 

Street and M
onocacy B

lvd. 

Im
prove Fire Flow

s 
2000 
W

M
PU

 

E
-3 

C
onstruct approxim

ately 3,900 feet of 16-inch 
diam

eter m
ain on Patrick Street betw

een South 
C

arroll Street and Jefferson Street. 

Im
prove Fire Flow

s 
2000 
W

M
PU

 

E
-4 

C
onstruct approxim

ately 3,450 feet of 16-inch 
diam

eter m
ain on W

est 2nd Street betw
een 

G
rove B

lvd and N
orth B

entz Street. 

Im
prove Fire Flow

s 
2000 
W

M
PU

 

E
-5 

C
onstruct approxim

ately 1,500 feet of 12-inch 
m

ain on C
arroll Parkw

ay betw
een Frederick 

H
igh School and Fairview

 A
venue. 

Im
prove Fire Flow

s 
2000 
W

M
PU

 

E
-6 

Install check valve at w
aterm

ain connecting 
Z

one 595 at O
possum

tow
n Pike to allow

 for 
w

ater to flow
 from

 Z
one 462 to Z

one 595 w
hen 

required. 

Im
prove Fire Flow

s 
D

&
K

 

E
-7 

R
eplace approxim

ately 400 feet of existing 6-
inch w

aterm
ain on W

yngate D
rive betw

een 
N

orva A
ve and N

orth Place w
ith an 8-inch 

w
aterm

ain. 

Im
prove Fire Flow

s 
2000 
W

M
PU

 

E
-8 

C
onstruct approxim

ately 1,200 feet of 12-inch 
m

ain on K
ey Parkw

ay betw
een W

illow
dale 

D
rive and M

cC
ain D

rive. 

A
lleviate L

ow
 Pressure 

2000 
W

M
PU

 

E
-9 

C
onstruct approxim

ately 1,200 feet of 12-inch 
m

ain on K
ey Parkw

ay from
 M

cC
ain D

rive w
est 

to the term
ination of the existing 12-inch 

w
aterm

ain on K
ey Parkw

ay. 

A
lleviate L

ow
 Pressure 

D
&

K
 

E
-10 

C
onstruct approxim

ately 1,900 feet of 12-inch 
m

ain on K
ey Parkw

ay betw
een W

averly D
rive 

and O
ld C

am
p R

oad. 

A
lleviate L

ow
 Pressure 

2000 
W

M
PU

 

E
-11 

C
onstruct approxim

ately 1,000 feet of 12-inch 
m

ain on O
ld C

am
p R

oad from
 R

oute 40 to K
ey 

Parkw
ay. 

A
lleviate L

ow
 Pressure 

D
&

K
 

E
-12 

C
onstruct approxim

ately 250 feet of 12-inch 
connecting m

ain across R
oute 40 on O

ld C
am

p 
R

oad. 

A
lleviate L

ow
 Pressure 

2000 
W

M
PU

 

E
-13 

C
onstruct approxim

ately 3,500 feet of 12-inch 
m

ain on Shookstow
n R

oad betw
een W

illow
dale 

D
rive and O

ld C
am

p R
oad. It is understood that 

this is currently under design. 

A
lleviate L

ow
 Pressure 

2000 
W

M
PU

 



T
A

B
L

E
 5-3 (co

n
t’d

.) 
R

E
C

O
M

M
E

N
D

E
D

 S
Y

S
T

E
M

 IM
P

R
O

V
E

M
E

N
T

S
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Item
 

R
ecom

m
ended Im

provem
ents 

R
eason 

Source 

E
-14 

C
onstruct approxim

ately 2,250 feet of 12-inch 
m

ain on W
est Patrick Street from

 K
lein B

lvd. to 
B

aughm
an’s L

ane. 

A
lleviate L

ow
 Pressure 

D
&

K
 

E
-15 

C
onstruct approxim

ately 5,500 feet of 16-inch 
w

aterm
ain along Y

ellow
 Springs R

oad and 
M

ontvue L
ane from

 the term
ination of the 

existing 16-inch w
aterm

ain on Y
ellow

 Springs 
R

oad to Shookstow
n R

oad to interconnect the 
tw

o 595’ H
G

L
 pressure zones. 

Provide redundancy 
betw

een pressure zones 
D

&
K

 

E
-16 

C
onstruct approxim

ately 1,900 feet of 12-inch 
w

aterm
ain on B

utterfly L
ane betw

een H
im

es 
A

venue and Jefferson Pike. 

A
lleviate L

ow
 Pressure 

2000 
W

M
PU

 

E
-17 

C
onstruct approxim

ately 2,200 feet of 20-inch 
m

ain from
 new

 A
m

ber T
ank south along 

T
hom

as Johnson D
rive to the existing 20-inch 

m
ain. 

A
lleviate L

ow
 Pressure 

D
&

K
 

E
-18 

C
onstruct approxim

ately 31,700 feet of 18-inch 
m

ain from
 Fishing C

reek R
eservoir to the L

ester 
D

ingle T
reatm

ent Plant. 

A
lleviate L

ow
 Pressure 

R
eplace A

ging M
ain 

E
ase of O

peration 

D
&

K
 

E
-19 

C
hange valving in the O

ld Farm
/Y

ellow
 Springs 

R
oad area so that this location is serviced 

through Z
one 595. 

A
lleviate L

ow
 Pressure 

 
D

&
K

 

 

5.5.2 
F

uture 

 M
odel runs for predicted dem

ands for 2030 w
ere undertaken to size new

 infrastructure 

and im
provem

ents.  M
odel runs for 2010, 2015, 2020, and 2025 w

ere also undertaken to 

refine the tim
ing of the infrastructure identified for 2030.   

 

1. 
U

pgrades to S
ystem

 

 T
he upgrades to the system

 are show
n in T

able 5-4.  T
hese upgrades w

ere determ
ined 

based on the dem
ands outlined in the PR

W
SA

.  T
he tim

ing listed in the table is 

approxim
ate based on the assum

ption that the developm
ents listed in the PR

W
SA

 w
ill be 

in place by 2030.  Figure 5-6 show
s the recom

m
ended im

provem
ents. T

hese 

im
provem

ents are also show
n in greater detail in A

ppendix C
. 
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T
A

B
L

E
 5-4 

R
E

C
O

M
M

E
N

D
E

D
 F

U
T

U
R

E
 S

Y
S

T
E

M
 IM

P
R

O
V

E
M

E
N

T
S

 
Item

 
D

escription 
Y

ear 
Source 

F
-1 

C
onstruct approxim

ately 3,100 feet of 20-inch w
aterm

ain along 
R

eich’s Ford connecting the Potom
ac supply to the C

ity’s 16-inch 
on M

onocacy B
oulevard. 

2010 
PR

W
SA

 

F
-2 

C
onstruct approxim

ately 1,600 feet of 16-inch w
aterm

ain along 
R

eich’s Ford from
 M

onocacy B
lvd to E

ast South Street. 
2010 

PR
W

SA
 

F
-3 

C
onstruct approxim

ately 250 feet of 12-inch w
aterm

ain along an 
existing 8-inch on O

ppossum
tow

n Pike north of C
hristopher’s 

C
rossing R

oad to rem
ove 8-inch bottleneck. 

2010 
D

&
K

/2000 
W

M
PU

 

F
-4 

C
onstruct approxim

ately 5,000 feet of 18-inch w
aterm

ain from
 

L
ester D

ingle B
ooster Station along L

akeside D
rive north to 

R
ocky Springs R

oad (R
O

W
 required for 2,400 feet of this m

ain) to 
R

ocky Springs R
oad, then east to Y

ellow
 Springs R

oad. 

2015 
D

&
K

/2000 
W

M
PU

 

F
-5 

C
onstruct approxim

ately 3,100 feet of 12-inch w
aterm

ain from
 

Y
ellow

 Springs R
oad and R

ocky Springs R
oad north along 

Y
ellow

 Springs R
oad to the extent of the future C

ity boundary. 

2015 
 

F
-6 

C
onstruct approxim

ately 2,500 feet of 16-inch w
aterm

ain along 
L

inden A
venue from

 Poplar Street north to W
est Patrick Street, 

then w
est to the R

oute 40 B
ooster Station. 

2015 
D

&
K

 

F
-7 

C
onstruct approxim

ately 600 feet of 12-inch m
ain on H

ayw
ard 

R
oad to L

oop m
ain to O

possum
tow

n Pike. 
2015 

2000 
W

M
PU

 
F

-8 
C

onstruct approxim
ately 700 feet of 20-inch m

ain to rem
ove 

existing 8-inch bottleneck on 20-inch m
ain at T

hom
as Johnson 

D
rive. 

 
 

F
-9 

C
onstruct approxim

ately 9,000 feet of 12-inch w
aterm

ain from
 the 

A
m

ber T
ank north along T

hom
as Johnson D

rive to M
cC

lellan 
D

rive, north to W
illow

 D
rive, w

est along W
illow

brook R
oad, and 

north along B
loom

field R
oad to the extent of the new

 
developm

ent. 

2020 
D

&
K

/2000 
W

M
PU

 

F
-10 

C
onstruct approxim

ately 16,600 feet of 24-inch w
aterm

ain from
 

the existing 18-inch along Schley A
ve and B

lueridge A
ve w

est to 
R

osem
ont A

ve, then north along R
osem

ont A
ve/Y

ellow
 Springs 

R
oad, then w

est to L
ester D

ingle B
ooster.  A

pproxim
atly 2,300 

feet of this m
ain w

ill be along currently undeveloped land, and a 
R

O
W

 w
ill be required. 

2020 
D

&
K

/2000 
W

M
PU

 

F
-11 

C
onstruct approxim

ately 8,600 feet of 12-inch w
aterm

ain from
 

Y
ellow

 Springs and W
alter M

artz R
oad east and north along 

W
alter M

artz R
oad to W

ittenburg D
rive. 

2020 
 

F
-12 

C
onstruct approxim

ately 6,300 feet of 12-inch w
aterm

ain from
 the 

new
 20-inch near A

m
ber T

ank east across R
oute 15 to T

rading 
L

ane, then along T
rading L

ane to R
oute 26. 

2025 
D

&
K

/2000 
W

M
PU

 

F
-13 

C
onstruct approxim

ately 8,500 feet of 16-inch w
aterm

ain along an 
existing 4-inch w

aterm
ain from

 C
ounty L

ane northeast along G
as 

H
ouse Pike to the east side of M

onocacy R
iver. 

2025 
D

&
K

/2000 
W

M
PU

 

F
-14 

C
onstruct new

 1.0 M
G

 Z
one 462 tank. 

2025 
D

&
K

 
F

-15 
C

onstruct new
 0.75 M

G
 Z

one595 tank. 
2025 

D
&

K
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 5.6 
Tran

sien
t A

n
alysis 

 A
s part of this study, a transient analysis w

as undertaken.  A
ssum

ptions used include: 

 • 
T

o sim
plify the analysis, the w

ave speed w
as set at 4000 fps for all pipes.  W

ave 

speed is a function of the fluid, pipe m
aterial, diam

eter, w
all thickness, and type of 

restraint.  For exam
ple, the w

ave speed in ductile iron pipe can range from
 3460 fps 

for 24 inch PC
 250 pipe to 4400 fps for 4 inch PC

 350 pipe.  A
 flow

 velocity of 4000 

fps w
as used for this analysis, as it is the typical w

ave speed for an 8 to 10 inch 

ductile iron pipe. 

• 
T

he system
 w

as assum
ed not to have any surge protection devices (surge tanks, PR

V
, 

air/vacuum
 valves, etc.).  T

he locations of these devices w
ere unknow

n at the tim
e of 

this study and this m
ore conservative approach w

as taken. 

• 
E

ach pressure zone w
as m

odeled for a single m
ajor surge event.  T

his event w
as to 

have the pum
ps in the zone stop suddenly, sim

ulating a loss of pow
er.  T

he pum
ps 

w
ere m

odeled to be shut dow
n over a 10 second interval. 

 

5.6.1 
Z

one 462 

 

Z
one 462 w

as m
odeled w

ith a sim
ulated pow

er failure at the both L
inganore and 

M
onocacy treatm

ent plants causing the pum
ps to shut dow

n over a 10-second period.  

T
his sim

ulation predicted negative pressures and high pressure spikes in several locations 

throughout the system
, typically at the end of dead end m

ains and/or in sm
all diam

eter 

(less than 6-inch) pipes.  For this analysis, pow
er failure of the M

onocacy pum
ps have 

the greatest im
pact in term

s of surge pressures on the system
.  R

esults discussed below
 

are for a pow
er failure at the M

onocacy W
T

P
. 

 A
 graph show

ing the pressure during the surge event is show
n in Figure 5-7 for the 

junction w
ith the highest pressure surge range in the system

.  T
his junction is at the end 

of a 3-inch w
aterm

ain at the end of Pinecroft C
ourt in the A

m
ber M

eadow
s area. 
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 T
he M

onocacy and L
inganore treatm

ent plants do not have a surge relief valve such as 

those installed in the L
ester D

ingle and R
oute 40 pum

ping stations.  W
ith this valve 

installed, the surges in the system
 are significantly reduced.  Figure 5-7 show

s the effect 

of a surge anticipating relief valve on the sam
e junction at the end of Pinecroft C

ourt. 

 T
he analysis assum

ed a 10 second shut dow
n period for the pum

ps.  T
his actual shut 

dow
n period for the pum

ps is dependant on the pum
p and system

 characteristics.  T
he 

higher the pum
p inertia (the resistance the pum

p has to acceleration or deceleration), the 

longer it w
ill take for the pum

p to stop spinning, thus helping to control transients.  

Inertia is constant for a particular pum
p and m

otor com
bination.  A

lso, the type of system
 

the pum
p is pum

ping into w
ill affect shut dow

n tim
e.  A

 pum
p that conveys low

 flow
s 

into a high-head system
 w

ill shut dow
n faster than a pum

p that pum
ps high flow

s into a 

low
-head system

. 

 T
he degree of surging w

ithin the system
 is highly dependant on the initial tank levels 

w
hen the surge occurs.  T

he results discussed above are for a surge event w
ith the tanks 

at an H
G

L
 of approxim

ately 460 feet.  T
he sim

ulation predicts that if the surge event 

occurred w
hen all the tanks are full, the high pressure spikes are elim

inated, as show
n in 

Figure 5-8. 

 

It w
as noted that m

any of the junctions sim
ulated that are subject to pressure surges are 

located in the northern portions of Z
one 462, aw

ay from
 existing tanks.  O

nce the A
m

ber 

T
ank is constructed, m

any of these surges w
ill be attenuated.  It is predicted that, w

ith the 

construction of the tank, there are no pressure surges in the zone above 130 psi if 

m
odeled using the sam

e criteria as above (tanks at 465 ft H
G

L
).  H

ow
ever, low

 pressures 

are still predicted if no surge anticipating relief valve is installed. 

 W
e recom

m
end the C

ity install a surge anticipating relief valve in the M
onocacy W

T
P. 

 



 

   

 
P

age 5-16 
453.1 ©

2008 

5.6.2 
Z

one 595 (W
estern) 

 

Z
one 595 (W

estern H
igh Z

one) w
as m

odeled w
ith a sim

ulated pow
er failure at the R

oute 

40 Pum
p Station causing the pum

ps to shut dow
n over a 10-second period.  T

his 

sim
ulation did not result in any pressures less than 20 psi.  T

his location w
as at the 

intersection of A
ndover L

ane and D
eerfield Place.  A

 graph show
ing the pressure during 

the surge event is show
n in Figure 5-9. 

 

5.6.3 
Z

one 595 (W
hittier) 

 

Z
one 595 (W

hittier) w
as m

odeled w
ith a sim

ulated pow
er failure at the L

ester D
ingle 

Pum
p Station causing the pum

ps to shut dow
n over a 10-second period.  Sim

ulated surge 

pressures ranged from
 a m

inim
um

 of 36 psi to a m
axim

um
 of 116 psi.  T

he greatest range 

in pressures w
as 50 psi, at the end of an 8-inch dead end pipe on C

arroll C
reek V

iew
 

C
rescent in a relatively new

 subdivision.  A
 graph show

ing the pressure during the surge 

event at this location is show
n in Figure 5-10. 

 5.7 
F

utu
re F

inish
ed W

ater S
to

rag
e S

ites 

 

C
urrently, the C

ity has an available storage of 6.75 M
G

 of finished w
ater.  G

lobally, this 

w
ould be sufficient through to 2030; how

ever, the spatial developm
ent and the alleviation 

of current low
-pressure areas w

ill require the storage to be constructed sooner than this 

date. 

 D
ayton &

 K
night created the pressure zones based on contour data.  T

he 2000 W
ater 

M
aster Plan U

pdate states 35 psi as the m
inim

um
 pressure.  H

ow
ever, for this W

ater 

M
aster Plan U

pdate, 40 psi w
as used as the m

inim
um

 pressure at ground level as a safety 

factor to allow
 for reduced pressure in the upper floor of tw

o storey hom
es and to allow

 

for variance to cut and fill requirem
ents for future site grading. 
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It is understood that the C
ity w

ill not allow
 further developm

ent outside of Z
one 595 

other than the developm
ents already approved.  W

hittier Pum
ping Station is adequate to 

supply a pum
ped-only zone for the approved developm

ent only.  It is also understood that 

the B
irdseye developm

ent, near B
ow

ers T
ank, w

ill be serviced by a sm
all booster station.  

B
oth of these booster stations w

ill require peak balancing and fire storage to com
e from

 

the adjacent tanks. 

 D
em

ands for each zone w
ere analyzed to determ

ine a storage tank construction schedule.  

T
his is show

n graphically in Figure 5-11. 

 Possible locations for the proposed storage tanks w
ere analyzed.  T

anks are required in 

all three pressure zones during the course of the m
aster plan horizon.  E

ach zone’s 

storage requirem
ents are outlined in the follow

ing sections. 

 

5.7.1 
Z

one 462 

 T
his is the C

ity’s low
est and largest pressure zone.  A

s show
n in Figure 5-11, the 

required storage by 2040 is 5.70 M
G

.  T
he existing storage volum

e is 4.0 M
G

D
. 

 H
ydraulic m

odeling indicates the largest need for the storage tank is in the northern 

portion of the C
ity, near the A

m
ber M

eadow
s area.  T

his area has pressures that fall 

below
 the m

inim
um

 pressure value of 35 psi and reduced fire flow
s because of the 

distance from
 a storage tank. 

 T
opography lim

its the type of reservoir to an elevated tank w
ith a volum

e of 750,000 

gallons.  A
 review

 of the C
ity’s existing tanks indicates that the height from

 the ground to 

the T
W

L
 is approxim

ately 130 feet to 140 feet.  T
herefore the required ground elevation 

w
ill be at least 325 feet.  A

dditional criteria to consider are the distance to the nearest 

trunk m
ain and the available land.  

 T
hree possible sites are show

n on Figure 5-12.  T
hese sites w

ere chosen based on: 
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 • 
T

hey are currently unoccupied (except for a baseball field at Site A
). 

• 
T

hey are in close proxim
ity to the 20-inch m

ain from
 the M

onocacy W
T

P. 

 

W
e recom

m
end that the C

ity review
 these sites and begin property negotiations w

ith the 

ow
ner(s).  T

he preferred site w
ould be Site C

, as it is: 

 • 
U

noccupied 

• 
Second highest point of land 

• 
U

pstream
 of the existing 8-inch bottleneck in the 20-inch m

ain from
 the M

onocacy 

T
reatm

ent P
lant 

 T
he im

provem
ents identified in this study assum

e Site C
 is the site for the new

 A
m

ber 

T
ank. 

 In the future (2028), a new
 tank w

ill be required to m
eet the pressure zones storage 

requirem
ents. W

e recom
m

end that this tank be 1 M
G

 and be installed at the northern 

extent of developm
ent on B

loom
field road. 

 5.7.2 
Z

one 595 

 B
y 2040, 3.40 M

G
 of storage w

ill be required in Z
one 595.  C

urrently, there are 2.75 M
G

 

of storage.   

 It is proposed that a new
 750,000 gallon tank be installed adjacent to Y

ellow
 S

prings 

R
oad, approxim

ately 2,900 feet north of W
alter M

artz R
oad. 

 5.8 
W

ater Q
u

ality 

 W
ater quality m

odeling is a dynam
ic process by w

hich the com
puter m

odel w
ill attem

pt 

to predict the m
ovem

ent of a dissolved substance (constituent) m
oving throughout the 
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distribution system
 over tim

e.  T
his type of m

odel requires a calibrated E
PS m

odel.  For 

this prelim
inary w

ater quality sim
ulation chlorine w

as the chem
ical m

odeled, as the C
ity 

already has a chlorine m
onitoring program

 in place. 

 T
he C

ity’s standard is to m
aintain m

inim
um

 residual chlorine of 1.0 ppm
.  T

his standard 

is typical of a m
unicipal w

ater distribution system
, and is w

ell above prescribed 

standards.  T
he U

S E
PA

 requires that the residual chlorine be at least 0.2 ppm
 at the point 

of entry into the distribution system
 (e.g. treatm

ent plants) and that a detectable residual 

be m
aintained throughout the distribution system

. 

 In order to determ
ine areas w

hich m
ay be subject to low

 residual chlorine concentrations, 

separate scenarios w
ere run to determ

ine w
hich areas do not m

eet the C
ity’s standard, 

and w
hich areas do not m

eet the U
S E

PA
 requirem

ents. 

 Figure 5-13 show
s the areas that are m

odeled do not m
eet the C

ity’s target 1.0 ppm
 

residual chlorine concentration.  T
he areas not m

eeting the target concentrations can be 

categorized into: 

 • 
E

nd of dead end pipes 

• 
W

estern H
igh Z

one 

• 
L

ocations furthest from
 a chlorine source 

 It should be noted that although these locations do not m
eet the C

ity target of 1.0 ppm
 

residual chlorine, they all have a predicted detectable residual.  Figure 5-14 show
s the 

junctions w
here the predicted residual chlorine is less than 0.75 ppm

.  T
hese locations are 

all on dead end pipes or in low
-dem

and areas.  T
he m

odel does not predict any residual 

chlorine concentrations less than 0.5 ppm
. 
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