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1. Introduction and Purpose

Nutrient enrichment has been one of the water quality concerns ln the

Chesapeake Bay region in the past tr¡o decades. Phosphorus is the nutrient
currently being conÈrolled at many point source discharges in the

Chesapeake basin. A recent report prepared Uy.tf,e U.S. EPA Chesapeake Bay

Program discusses phosphorus inputs from municípal waster¡ater ¡reatment
plants (EPA, 1983). Appendix B of the report contains ân inventory of aIl
publicly owned treetment works (POTl,¡) with discharges greater than 0.5 mgd

located above and below the fall line, as riell as some srnaller POTtts belou

the fall line.

A revier¡ of the EPA inventory list of the POTl,ts has indicated f irst
that some POTlls are missing from the list (e.g., .Aberdeen Proving Ground

io the sestern Chesapeake). Second, nany flows and phosphorus

concentrations in the inventory list are not the actual flows and

concentrations in 1980. In additíon, many POTIJs åre listed as practicing
phosphorus re¡noval that, in fact, are currently secondary treatment
facllities at best, ¡¡ithout any chemical addition for the purpose of
phosphorus removal.

Fuither' many POTtIs r¡hich do not have phosphorus removal are not
required to rnoni tor and report phosphorus concentrations in their
effluents. In the EPA inventory list, various effluent phosphorus con-
centrations are assigned to these POTtls with no justifications. As a

result, the reported phosphorrls loads from these POTlls to the Chesapeake

Bay nay not be correct.

There have been changes åt
Arny Base and Boat Harbor plants
Vlrginia were primary treatment

reduce BOD leveIs ln 1980.

many POTtls since 1980. For example, the

in the H.a.rnp ton Roads Sani tation Dis tric t,
facilities r¡ith the addition of alum to

Incidental phosphorus removal was al.so



T\

achieved. These tso plants have sÍnce been upgraded to secondary

treatment facilities. Alum addÍtion is, however, no longer practiced. As

e result, the effluent phosphorus concentrations (without the benefit of

¡lum addition) currently (1983) reported are higher than those ¡eported in
1980.

0û the other hand, some plants have slnce been upgraded to have

phosphorus removal capabilíty. 0thers ¡¡hích already had phosphorus

removal have been operating nore efficiently to further lower their
effluent phosphorus Iivels. For example, Èhe total phosphorus concen-

tration ln the BIue Plains final effluent is currently (1983) averaging

0.38 srg/I compared with 0.58 urg/l reported ín 1980.

I

Further, a few nen municipal wastewater treatment plants have been

constructed and started operatÍons since 1980. Concurrently, some older

or out-of-date POTtls have been closed and their wastenater flows are

either being diverted to these ner¡ treatment plants or being routed to the

aearby existlng plants for treatment. To name a fer¡, the new l'fooney STP

ía aorthern Virginia is in operation Èo receive the flows from the old

Belnont plant. In the Hampton Roads Sanitation District, Virginia, 3 new

plants (l,tlantÍc, Nansemond, and York) started operation in 1983. .{s a

tesult, portions of the flows from the existing facilities such as

Chesapeake/Elizabeth, James River, and Lamberts Point have been routed to
these ne!¡ plants

Based on the above discussions, there is a need to revÍse and update

the lnventory list of the POTtls so that the phosphorus loads to the Bay

can be determined more accurately. This study is designed to address this
l,ssue and to put the point source phosphorus loads to the Chesapeake .Bay

lnto perspective by revising the 1980 loads as well as by updating Èhe

loads to the 1983 conditions. In order to estimate the phosphorus loads

fron many POTlJs where effluent phosphorus concentrations are not measured,

default values are developed based on measured and reported phosphorus

concentrations at a number of plants in tÌ¡e region.

t
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therefore, the obJectlves of this study can be summerlzed as follor¡s:
1. to check the 1980 loads listed in the EPA inventory;
Z. to update the phosphorus loads to the current (1983) condÍtions;and

3. to develop sound default values for the effluent concentration.

The scope uf this revlsion and updating effort lncludes the POTtls

(slth flows greater than 1 ngd) ín the subbasins of the Chesapeake Bay:

upper and lower Susquehanna; western Chesapeake and Upper Bty; Eastern

Shore; Patuxent; Potomac; Rappahannock; York; and James River basins in
the States of fenns]Ïvania, Haryland, Virginia, and the Distríct of
Columbia. No projections of future phosphorus loads from these POTIJs are

being made in this study. The phosphorus loads from the POTIJs which have

flows under 1 mgd are collectively determined. These loads represent only

a small portion of the total POTI¡ phosphorus loads Ín the basin as

demonstrated in a latter section of this report.

2. Sources of DataJ

A number of regulatory agencies, institutions
responsíble for r¡ater pollutíon control have been

avallable effluent data for the POTL's. Append ix

, and fndividuals
contacted to obtain

A of this report
' gathered for thissu¡nmarÍzes the sources and contenÈs of information

report. The data obtained serve the following uses:

1. to deters¡Íne the annual average flows and effluent phosphorus con-

centratÍons, where available, from the Discharge lfonitoring Reports

(DMR), for the POTtls in the Chesapeake Bay region in 1980 and 1983;

2. to devel.op default valuesfor the average phosphorus concentrations

ln primary and secondary effluents not reporting such cncentration;
and

3. to sumnarize the current treatment level and current phosphorus

llmit(s), if any, in the NPDES permit of lndividual POTIJs (fIows

greater than 1 mgd) in the Chesapeake Bay region.

j.
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3. Development of Default Effluent Phosphorus Concentrations

This section descríbes the data base assembled and methodology

developed in this study to derive the average phosphorus concentrations ln
prinary and secondary effluents. The derived concentrations are then used

as the average phosphorus levels to estimate the phosphorus loads from the

POTfJs which do not measure and report phosphorus concentrations. The

following paragraphs present the results of analyses.

Table 1 present"-+Ëo*" phosphorus data. reported in the literature.
Flrst, Hetcalf & Eddy, Inc. (tglg) gives an average inftueåt phosphorus

level of I mg/I with a range betreen 4 ^gll and 15 r¡g/1. In general, 10%

of the phosphorus in the influent ís in insoluble form and therefore may

be removed in the primary setÈling process (EPA, 1976). Overall, about 20

to 407. of the influent phosphorus may be removed r¡ithout chemical addition
by facilities havíng secondary treåtment (trickling filter or activated
sludge). There is, however, some relatively high concentrations reported
ia secondary effluents (7.3 ne/t by Tofflemire and HeÈIing, 1973).

Table 1. Phosphorus Concentrations in Domestic tlastewater

Type of Ltastewater

(

Untreated Domestic Sewage

Âfter Primary Settling

Secondary Effluent
(no chemÍcat added)

7.3 mg/!*

values derived from earlier data and believed to
the recently reported values.

Avg Conc/7. Removal

8.0 mg/t*
107. removal

- 5-107. removal

20-407. removal

Source

Ìfetcalf & Eddy (1979)

Kugeílman (reZ0¡

EPA (rSZ0¡

Kugelman (1976) and

EPA (1e76)

Tofflemire and Hetling
(1e73)

be hi.gher than most of

\

Table 2 shows the

reported by 20 POTl.Js

the concentretions
whf 1e a flor¡-weighted

average flow and eff luent phosphorus concentrations
in the Chesapeake basin. An arithmetic average of
is 5.42 ng/ I wíth a standard deviarion of t1.50 mg/I
åverage is 5.02.ng/L. These average effluent.values
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are substantially lower than 7.0 mg/1, currently used by the !'laryland

State Department of Health and Hygiene (feaC¡ for secondary treatment

facllltles. A further examínation of the recent operatíon data reveals

that the influent concen- trations in many POTtJs are nuch loner than the 8

og/t level suggested by !{etcalf & Eddy (see Table 1). For example, Table

3 presents the flow, influent, and effluent concentration data gåthered

from a number of facilities in Maryland and Vlrginia. The flow-weighted

everage influent concentration is 6.19 mg/l which ís lower than the 7.0

urg/1 efftuent concentration used by the State of Haryland. For conparison

purpose r âo influent phosphorus concent,ration of 6.5 mg/t has been

reported for 58 major wasteh'ater treatment plants in Ì'lichigan prior to the

ban of phosphate detergents (Hartig, 1981).
:

I
I'í

Table 2. Phosphorus Concentrations in Effluents from POTtls*in
Chesapeake Bay Region Utilizing the Activated Sludge

l'

i

POTII
Dover Borough, Pa
Damascus, Hd
Freedom District, l'fd
lJes tmíns ter , lld
Bowie, Hd
Hanover, Pa
Patuxent, Hd
Nansemond, Va
Hagers town, Ì'ld
James River, Va
Fal.lÍng Creek, lta
Springettsburg, Pa
Petersburg, Va
Lancaster South, Pa
Army Base, Va
Chesapeake/Elizabeth, Va
Boat Harbor, Va
Atlantic, Va
Patapsco, Md

Richmond, Va

Process and not Adding Coagulatíng Chemicals

Avg Flow (mgC)
0.22
0.29
1.20
2.10
2.40
2.60
3.50
5.40
6.00
6.82
7.22
7.52
8.25
9.54

11.20
11.20
16.07
18.60
32.00
54.90

Avg Conc (mg/I)
8. 75
7 .47
4.00
5.00
6.10
6.01
4.10
5.50
3.90
5. 10
8.40
3.89
8.00
5.04
4.50
5.80
3.90
5.50
4.90
4.50

Average Concentration
Flow-weíghted Average

5.42 ngl f (11.50 standard deviation)
5.02 mg/1

t Data from 1982 or 1983 Discharge l'fonitoring Reports
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POTW

Prinary u/alum:
Lanberts Point' Va

Secondary:
Arury Base, Va
Boat Harborr Va
cheilBsBbt(, v"
James Riverr Va
Danascus, Md

Advanced Secondary:3
t¡estern Branch, Hd

Parkway, l'f d

Horsepen, Hd

Phosphorus Removal:
Plsca tar.'aY r ì'ld

Senaca Creek, Md

Operation Data in Harylandland Virginlazfrom POTlJs

Inf luen tFlow
(med) P (me/I)

20.61

LL.2O
16.07

11.20
6.82

-:",'-'0.29

11.79
4.80
0.39

t7.28
4.03

Average

4.90

5 .40
6.00

' 8.90
7 .40

10.65

6.L2
6.73
7.10

Ef f luen t
p (mg/I)

2.50

4.50
3.90

5.80
5.10
7.47

2.29
2.19
2.47

P Removal B0D5
(7.) Remova I (7.)

49

L7
35

35
31
30

63
67
63

98
79

34

97
95

88
97
99

98
94
99

99
99

5.36 0.13
6.51 L.37

6.19 rng/tFlow-weighted

1. 1983 annual average
2. 1982 annual average
3. che¡nicals added to remove BOD

Âlso shor¡n in Table 3 is the phosphorus and BOD - removal rates for

these facilitíes. Except for the Lamberts Point, Va, plant r¡hich is a

priurary treatment facility, the BoD removal raÈes are quite high, usually

over 90%. On the other hand, phosphorus removal raÈes vary considerably

fro¡r one plant to another. In general, the secondary treatment facílities
¡rfthout chemical addition yield phosphorus concentrations from 3.9 mg/l to
7.47 rr.gll and Èheir removal rates range from 177. to 357.. Any chemical

addition, even in the ,primary Èreatmerit (see the 497. removal rate reported

at the Lamberts Point ptant), would resul: in nuch higher phosphorus

renoyål rates. That ls, the advanced secondary (r¡ith chemical addition

but Dot necessarily for the purpose of. :emoving phosphorus) facilities
such as Western Branch, Parkway, anq Horsepen (alt ln Haryland) yield

(.
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ph.osphorus removal rates over 607.. Of course, when chemicals are added

for the sole purpose of renoving phosphorus, the removal rate goes uP

sharply (see the Piscatanay and Seneca Creek plants ln Table 3).

Based on the above analysis, lf a 5% removal rate ln the primary

treatnent process and an inf luent concentrat'ion of ó.5 ngl I are assumed, a

phosphorus concentration in the primary effluent is 6.2 nglL. Further, if
a i.tg" of 20-407. removå1 rates ís assumed for secondary facilities
wlthout chemical addition, a range of phosphorus concentrations in the

secondary eff luent can-:ibe ' derÍved to be between 3.90 mg/l and 5.20 ÃglL.

Ffnally, a plot of the ef,fluent concentrations for the 20 POTlJs listed in
Table 2 is shor¡n in Figure 1, with the range of 3.90 mg/l - 5.20 mgll also

displayed. l'tost of the eff luent levels fall within this range.

4. Phosphorus Loads from POTtls in Chesapeake Bay Region

The tabulation of POTTJ flows, phosphorus concentrations and load is
presented in a number of tables in Appendix B on a subbasin by subbasin

basis. eiso shor¡n in each table are the current treatrnent level (u.g.,
primary, secondary, or phosphorus removal) and current phosphorus limit in
the NPDES permit. For the purpose of comparison, flows, phosphorus con-

centrations and loads developed in this study are summarized for 1980 and

1983. In the event that no phosphorus concentration is available, the

default value (6.2 mg/I or 5.0 mg/I, depending upon the treåtment level),
ls used

from one subbasin to another, varying
phosphorus loads between the EPA

s tudy. Iu addition, our analyses

fudicate that there ls a slor.¡ trend of decreasing phosphorus loads from

1980 to 1983 irr all subbasins. It ls believed that continuing consÈrucÈ-

ion of new plants (although not manf), and expansion and upgrading of
exfsting POTWs contribute to such load reductions. The following
paragraphs highlight these aspects for individual subbasins.

In general, Appendix B shows,

degrees of difference in the 1980

estimates and the estimates for this

)
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Dover Boro, Pa 0.22 mgd

Damascus, Md 0.29 mgd I

l{estm I nster , Md 2. l0 mgd

[3ow le, Md 2.40 mgtl 
I

llanover, Pa 2.60 mgd I

Pa I r.¡xent, Md ).50 mgd

Nanscmond, Va 5.40 mgd 
I

llaqcrstovn, Md 6.00 mgd

James Rlver, Va 6.82 mgd I

Fol I lng Creek, Va 7.22 ngd ¡ |

Sprlngettsburg, Pô 7.52

Petersburg, Va 8.25 mgd I 
¡

L¿ncasler South, Pa 9-54 nrgd

Army Base, Va 11.20 mgd

Chesapeake/Ellzabcth, Vo 11.20 mgd

Boat llarbor, Va 16.07 mgd

Atl¿nllc, Va 18.60 mqd I

Patapasco, Md )2.00 mgd

Rlchmond, Vo 54.90 mgd



In the uPPer Susquehanna, r¡o phosphorus removal is required' In the

lower Susquehanna, most POTtls are Practicing phosphorus removål to eomply

a current phosphorus lirnit of 2.0 rg/1r'the Pennsylvania policy. The POTtJs

currently at a secondary treatment level r¡ill be required to meet this

llnlt if they consider facility expansion or upgrading'

Ia the western chesapeake and upper Bay area of Maryland, the existirrg

poltcy also requires a 2.0 mg/l limit. The Baltimore Back River plant is

currently practicing phosphorus . removal. As a result, a significant

reduction of phosphorus loads has been achieved since 1980.

The phosphorus loads from the eastern "not" of Ì'laryland are relatívely

insignÍficant when compared r¡1th those from other subbasins. Currently'

the Northeast River plant is practicing phosphorus removal while the

Elkton STp is in Srep 3 of the facility planning which includes phosphorus

renova 1.

In the Patuxent River basin, the primary difference in the 1980 loads

betr¡een the EPA estimates and our estis¡ates is the use of dÍfferent

effluent phosphorus concentrations in thè calculatÍon (see Columns a and b

./ ín the table). Our estimates of the 1980 effluent loads are based on the

use of the default valuer 5.0 mg/l for each of the Plant in the subbasin.

Nevertheless, a number of POTtls in the Patuxent reported relatively low.er

. effluent phosphorus levels in 1983, resulting in lower phosphorus loads

- thaa 1980.

In the Potomac River basin, every POTl.l in Haryland and Vlrginia

located below the fall line is practicing phosphorus removal to neet

various phosphorus limits. Noticeable improvement in effluent quality
(f.e., reductÍon in effluent phosphorus concentrations) ma:ks reductions

lu loads from 1980 to 1983

The phosphorus loads from the POTltrs in the Rappahannock River basin

are not significant. Although the Culpeper STP does not have a phosphorus

li¡nlt ín its NPDES permit, it generates relatively low phosphorus levels

ln the effluent.
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1983 aud has slnce
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,\PPENDIX A. SU.I4ARY OF OATA GATHERED AND USED IN THIS STUDY

Data and lnformatlon Sourco/Contoct ( s )

r Averago flors of POTtls ln the uppor Susquehanno ln 1980 ond 198f. o P.J. Kovol, Pennsylvanlo Dept. of Envlronrnentel
Resources, lll lkes-Barre Reglonal 0lllco.

o Average llovs and phosphorus concentratlons of POTH¡ ln tho lover o S.B. Dalo, Ponnsylvanlo Dept. ol Envlronnenlol
Susquehanna and Potomoc Rlver baslns ln 1980 and 198), current Resourcos, Harrlsburg Reglonal 0lllce.
treatmenl levels ond phosphorus levols.

o Âverage floys and phosphorus concentrotlons of POTI{¡ ln Moryland o J. Reln, Moryland Depf. ol Envlronmental Heallh and
Mental Hyglene.

o from tho report entltled, nEvaluatlon ol Cost for
Reduclng Morylond POTI{ Phosphorus Dlschargos îo
Chesapeake Boy.n Prepared by Rummol, Klepper E

Kahl lor Tho Soop ond Detergont Âssoclatlon.
o Avorage flors and phosphorus concentroflon3 (1980 ond l98ll of o C. Sheetz, llSSC.

treotment plants operoted by the t{oshlngton Suburbon Sanltory
Commlsslon (ÍSSC).

o Average llovs and phosphorus concentratlons of thc Bluo Plalns o Metropolltan llashlgnton Gouncll ol Government3.

elfluent ln 198f.
r Average lloys and phosphorur concontratlons of POTlls ln Potornac o S. l{llson ond G. Mooro, Ylrglnla Statc t{ater Control

and Rappnhannock Rlver baslns of Vlrglnla ln t9B0 and l9Bl. Boord (SIJCB), Northern Ylrgtnla Reglonol 0lllco.
o Average flows and phosphorus conc'rntrotlons (1980 and t98l) ol o R.l{. Lowrenco, HRSD.

P0Tl'ls operated by the Hampton Roads Sanltatlon Dlstrlcl (HRSD)¡

I nf I uent phosphorus concentratlons.
o Âverage llors and phosphorus concentratlons ol POflls ln Jomos o ll. l{oodfln ond l{. Bullard, Vlrglnla SllC8, llderatcr

Rlver basln. Reglonal 0fflco.

(lncludlng western Chesapeake ond upper Bay, eastern shore,
Potomac, and Potuxenf Rlver baslns).

r Trealment levels and phosphorus llmlts ol POTlls ln Marylond.

Þ¡
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APPENCIX B.
PHOSPHORUS L0ADS T0 CHESAPEAKE BAY FROM POTtls

¡IIIH FLOIJS GREATER THAN I I4GD
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PHOSPHORUS LOADS T0 CHESAPEAKE 8AY FROil POTlls

IITH FLOHS GREATER THAN I IæO

/,r
t (Upper Susquehanno Rlver)

Currenf Avo Flov (mod)

?n,biTit resoã reaob 
"regl Avo P (moll)

r 9Boô r 9Boõ r 9glF¡cl I lty

Scr¡nton
ïhroop

Avg Load (.lblday)
tg8oâ t98oo lg8l

20.6 77.6 80. t
167.O 29r.9 2t7.7
155.5 r10.9 r r7.2
26.t 88.4 r01.4

t,4t4 69r.1 J9).1
t98.8 t61.4 t74.1
),169 I,652 I,2O7

5,119 t,097 2,51t

TF:5çß3L
Leve I

Hoze I ton Secondary
JermyrArchbold Secondary
Lover Lockavanna Secondary

0al las Area|lunicipal Auth Secondary None 1.65 1.86
None 7.00 7.00
None 2.10 l. I 4

None 2.t0 2.12
None 21.20 16.67
None 2.98 1.87
None 40.00 f|.94

1.92 r.r0 5.00 5.00
,.70 8.00 5.00 5.00
2.8r 8.00 5.00 5.00
2.58 r.r0 5.00 5.00

r 4.2t 8.00 5.00 5.00
4.r8 . 8.00 5.00 5.00

25.15 9.50 6.20 6.20

Secondary
Secondary

Iyonlng Val iey Prlmary

TOTÂL (Upper Susquehanna River) 77.2t 66.60 56.67

a. 1980 llows and phosphorus concentratlons reported ln the l98l EPA Chesapeake Bay report
b. 1980 flovs and phosphorus concentratlons developed from data gathered for thls study
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PII0SPHORUS LOADS T0 CHES^PEAKE BAy FRCI.| pOÏys

YITH FLOTS GREÂTER THAN I Ì.1GD

(Loyer Susquehanna River)

Fccl I lty -CurrenlI rÊatmenf
Leve I Ëuü,râ;s'i;hl'nil,, 

"ü",,åor'1,,,,,,õ" 
ï,:1"i;lr

Âlloona East Secondary
Altoona $Jest Secondary
corl Isle Eoroush Ê.:gg!gll
Derry Tovnship lecondaryr removål
Dover Tovnship 5e

','F3f,39!TDover Borough Secondary
EastPennsboro Secondarvp rerìoval
El lzobethtovn Secondaryl, reriìoy ô I

Ephrato STPC Secondary
Honpden STP Secondaryl, removâ I

Hanover
Harr I sburg

Hunt i ngton

Secondary
SecondarvP renoval
Pr I nary

Loncaster (LASA) Secondary
Loncaster North Secondary
Lancasfer South Secondary

- Lebanon STP Secondarv
, ? rer,ìovàl-/ Leroyne 

Ê.FBgSll
Hampden Toynsh,o 

F.FBfiSiiT
Lrtrtz sTP 

Ê":gn3l:t
Lover Ar ren 

F.F3f;sg[l
lþchanicsburs Ê.:gn!l:l
Ney cumber tand Ê":gn!g:l. Penn Tovnsh ip F"¡g#lll
shlPPensbure p"F3f,ggl¡,

Spr I ngettsburg Secondary
Srata¡:a
Tyrone
Tork

ltt.-Holly
ÞPr I ngs

Secondary
Secondary
Secondarv
P remov¿l

Secor darvI' removô I

IOTAL (Lover Susquehanno

6.20 6. t0 5. t8 8.00 5.00 5.00 4l].7 254.1 2t6.0
6.26 6.10 5.81 r.50 5.00 5.00 78.) 262.7 24t.5

2.87 2.87 2.86 8.00 5.00 0.81 r9r .5 I r9.7 t9.8

l.7l t.7l ?.41 1.50 2.77 t.t7 27.a 4O.O 25.5

1.92 1.42 I .¡10 .1.50 5.O0 5.00 21.O ,9.2 iB.4

None

None

t.0

2.O

2.0
None

2.0

2.0
2.0

2.O
None

2.O
None

None

None

None

2.O

2.0

2.O

2.0

2.0

2.O

2.O

2.O

0.5
None

None

None

2.O

2.O

R I ver)

2.41 2.t' 2.80 8.00 5.00 5.oo t60.8 89.7 ¡ ¡6.8

1.00 1.99 t.fl t.50 2.00 2.88 12.5 tt.z lt.5
2.68 2.46 2.60 r.50 5.00 6.0l ll., t02.6 tto.)

20.45 22.80 24.68 t.50 t.58 l.o5 255.8 fOO.4 216.r
r.85 l.9l r.58 9.50 6.20 6.20 146.6 99.8 81.7
2.85 2.46 4.t7 1.50 5.00 5.oo t5.7 t02.6 ,t82.2

8.25 8.28 9.80 8.00 5.00 1.69 550.1 115.t tJ8. I
8.50 8.66 9.54 8.00 5.00 5.04 567. I 16r . I 4ol .O

5.50 1.94 5.95 t.50 l.l8 t.67 68.8 45.1 55.0

- 0.2t o.22 - 5.00 8.75

1.74 t.7J 2.09 t.50 l. l0 1.24

r.15 0.89 2.05 r.50 5.00 t.60

:.to 
t.48 1.54 1.50 f.e6 2.16

t.62 t.t6 5.00 r.80

t.50 l.J7 l..fg 1.50 5.00 l.?l
1.96 I .90 1.97 I .50 2.16 t .67

l.0l r .02 t.t2 8.00 5.00 t.?4

r.t0 1,07 0.59 1.50 2.08 2.5.1

r.Jl t.54 I .64 r .50 l.4o I .ol
l.2l t.20 t.5t 1.50 5.00 o.5l
6.20 6.61 7.52 I .50 5.00 l.89
2.80 1.67 2.70 t.50 5.00 5.oo
4.90 6.50 4.87 1.50 5.oo 5.oo

9.48 t0.r2
6.77 8.15

0.55 0.60

I 15.1 120.7 128.0

r.5o :':l l'9: zor.l2.t9 r.9l
- 5.00 0.89

- 8.8 t6.0

2t.8 14.7 2t.6

t4.4 17. t 27.1

22.5 48.9 27.7

- r 5t .0 20.1

r8.8 57.1 t9.9

24.5 54.2 27.4

68.7 42.5 19.2

t).8 t8.6 12.4

16.6 !t,7 t4.l

r5.t 50.0 6.4
77.6 275.6 244.0
15.0 69.6 112.6
6l .l 552.4 201. I

266.4 260.8
1t4.9 tf 1.2

22.9 1.6

J, I 5) J,600 ),ogf

16.25

a. 1980 flovs and phosphorus concenTratlons reported ln the tg8f EpA Chesapeake Bay report
b.1980 flows and phosphorus concentratlons developed from dato gathered for thls sfudy
c. upgroded ln l98fj



(

PFOSPH0RUS LOADS T0 CHESAPEÂKE BAy FRO.| pOTùís

IIÌH FLOHS GREATER THAN I I,IGD

(llestern Chesapeake E Upper Bay Âreo)

Facl I ity

Âberdeen City

e$8me Provrns å"FBågilI z.oc
Annapol is Secondary None
Eock River SecondarvP removal 2.O

Broad Creek Secondary None
Eroad Neck Secondary None
Eroadyater Secondary None
Cox Creek Seconaori 2.ol
Edgevood Arsenal Secondarv- P removal 2.O
Freedorn District Secondary None
Havre de Gr¿ce Primary 2.09
Patopsco Secondary Z.Ol
Perryvi I le Secondary 2.ObÉ"Fiç';" Ê.¡g*3gll 2.o

(ToT,\L)

-CurrentI reôfment
Leve I ff[iñîr ,,ils'lï.Á'nil,,

Secondarvl' reí¡oyô I 2.0 1.50 1.20 t.l0
- 1.00 0.90

4.70 4.70 5.60
I 80.60 180.0 56.00

l5t .0
o.22 0.22 0.2)
2.r0 2.r0 t.20
0.40 0.40 0.68
6.40 6.40 9.?O

0.97 0.9? t.l0
0.80 0.80 t.20
r.t0 t.t0 r.50

f0.00 26.00 32.00
0.78 0.78 0.44

2.90 1.40 5.20

tt2.5 229.1 250.0

Âvo P (moll)
lgeoa rgaoõ lggl

4.60 5.00 t.00

- 5.00 2.00
4.50 5.00 5.00
5.60 5.OO t.OOd

f.7oe
.8.00 5.00 5. c0
4.50 5.00 5.00
2.00 5.00 5.00
7.90 5.00 5.00

4.00 5.00
6.80 5.00
9.50 7.40
6.50 5.00
8.00 5.00

0.90
4.00
7.40
4.90
5.00

r.50 5.00 0.65

Avg Load (lbldayl
I g8oa I gBoD I 9el

18.1 50.0 9.2

- 11.7 t5.0
r 76.4 t96.0 2)t.5
8,4f8 7,506 ¿t67.0

1,O42
11.7 9.2 9.6
?8.8 87.6 tfl.4
6.7 t 6.7 28.1

421.7 266.4 404.5

52.1 40.5 9.8
45.4 l).1 40.0
87.2 45.9 92.6

1,626 1,094 I,f07
52.O t2.5 t 8.1

16.) 14t.8 28.2

11054 9,552 6,840

a' 1980 llovs and phosphorus concentrations reported ln the l9g) EPA Chesopeake Bay reporib' :980 flovs and phosphorus concentrð+ions developed frorn dota gothered for this studye. not I I sted i n the I 9Bl EpA Chesapeake BAy report
d. actlvated sludge process
e. trlckllng fi lter process
l. ln lacl I ity planning
9. step 3 grant funding - under construction -

.J



PHOSPHORUS LOADS TO CHESAFEÂKE BAY FROi4 POTTJs

¡IITH FLOHS GREATER THAN I I.,IGD

(Eostern Shore; Maryland)II
Facl I lty
Corùr I dge
Crlsfleld
Eastern
E I kton
Hur lock
Northeast R i ver

Pocoroke City
Se I i sbury

rFp!ÇFÇlt Çurrent
i,biTl'

Avq Flov (mod)

rgeoð rggob lgBl
Avo P (no,/ll

t ggoð I geoõ I 9Bl

..*;;
¿1.40 5.00 5. OO

8.60 5.00 5.00
7.00 5.00 5.00
8.50 5.00 5.00

- 5.00 0.40
8.00 5.00 5.00
5.60 5.00 5.00

Avg Lood ( I b/day )
I 9Boô I 9Boþ I 9Bl

ttt";';
27.9 lt.7 t2.1

r29.r 66.7 75.1
16.7 ll.¿l t6.7
78.0 4t.7 41.7

- t0.1 t.t
7t.4 13.8 t7.5

r6).5 115.9 137.6

687.4 547.1 549.1

Seco. Jary
Secondary
Secondory
Secondary
Secondary
Secondar vP removal
Secondary
Secondary

ïOïÂL (Eastern Shore, Maryland)

None ¿f .40 4.40 t.rc
None 0.76 0.76 O.7B
None 1.80 1.60 t.BO
2.oc o.Bo o.Bo o.a8

None l.l0 1.00 l.OO

2.O
None

None

- 0.25 0.f4
r.t0 0.81 0.90
1.50 J.50 l.l0

tf.50 tl. t0 t5.50

Oo

b.
C¡

1980 flons ond phosphorus concentratlons reported in the lg8f EpA Chesapeoke Bay report
1980 flovs and phosphorus concentrations developed from data gathered for thls study
step 5 grant funding - under constructlon
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PHOSPHORUS LOADS TO CHESAPEAKE BAY FRO{ POTIJs
¡TITH FLOI{S GREATER THAN I I.IGO

(Patuxent Rlver)

t.

F,llStl Avg Ftov(gsd)
(n_o/ll t980- l9B0- lggl

,t';7.,0;
o.l f.2o 2,40 2.50

None-i-O.lz
t.0 0.70: ' 0.70 0.60

Avg P (mg/t) Âvg_Lood (.tblday)
I 9Bo" I g8ou t 9Bl I 9Boð I 98ob I 9Bl

;;;''*;;

-CurrentI reAtnent
Leve IFacl I lty

Bovie
Ft. lleade

Horsepen
llaryland CiTy
l¡ld House of

Correct i on
Parkray
Potuxent
Savoge

llestern Branch

Secondar y

lecondarvr remova I

Secondary
Secondary

8.00 5.00 0.66
2.62

9.60 5.00 5.00

8.50 5.oo i.oo
á.oo 5.oo 2. lB
5.50 5.00 4. lo

8.00 5.00
8.50 5.00

21t.5 t00.0

56.0 29.2

60.1 t5.4
86.7 216.9

165. r t50. I

r J.8
8.t

25.0

17.9
85. I

I 19.7

Secondory 2.0- O.g5 O.g5 t.t5
Secondary l.Oc 5.20'. j.2o 4.Bo
Secondory l.Oc J.60, :.OO f¡50
SeconCarv

:"::i:l i:3. ,l:33 ,l:il li:il
tOi¡t tpatuxent Ríver) t7.50 5i.4O l7.lo

r.90 500.4 1r2.8 t6t.6
2.29 985.4 

'25.4 
224.1

2,250 I,174 g0?.7

a. t980 floys and phosphorus concentrotions
b. 1980 flous ond phosphorus concentrat¡ons
c. ln lacl I lty planning
d. ln planning

reported
deve I cped

in l98l EPA Chesapeake Bay report
lrom data gathered for thls study



PLIOSPHORUS LOADS l0 CHESAPEAKE 8AY FRO{ POTls
I'¡TH FLOIJS GREATER THAN I I.IGD

(
(Potomac Rlverl

Avg Flov fngd) Avg P (mo/l) AvE Load (.lblday)
rgeoã rggob rggl rggoô rgaoÚ rggl rgeõo rggob rgelFccl I lly t'rtsil(ngll )'FËlifff,

Alexandr i a

Aqulo Regional

Ar I I nglon

8el¡pntc
Dole Servlce

Flshersv I I le
Front Royol
Harr I sonburg
Leesburg
L lft I e*Hunf i nS

Lover Potonrac

ilainslded

l.looneye

Stauntcn
Upper Occoquan

l{aynesboro
lf I nchester

0.90 0.90

1.50

l. l0 2.41
1 .50

t..50 0.40
r.50 5.00
8.00 5.00
r.50 5.00
r.50 0.?0

1.50 0.f¿l

z.to 2. ¡0

- t.lo
I .50
t.50 5.00

0.0 .012
8.50 5.00
r.50 5.00

201.8 201.8

I r.f
t75.8 450.8
17.,

28.8 t0.4
7.5 17. r

89.4 54.2
6t.) 2>6.9
il.1 r.7

52.5 I1.5

425.8 lr5. r

- 14.2

77.6
19.4 t09.)

0.0 r.9
169.4 112.6
14.9 157.2

1,786 1,719

Alll ¿/
P revomal 1.0 26.96 26.96

Al{T v/
P removal 0.2 0.90

AVf vl
P re¡pvar t:o 'i:lrl 22'27

AIJT v/
P removal 0.4 2.10 l.l0
Secondary None 0.60 0.89
Secondary None l.r4 l.l0
Secondary None ,1.9O 5.68

ASï None 0.90 l.0l
AST None 4.2O 4.74

Allf ul
P removol 0.2 22.20 17.86

AIll v/
P removal 0.5 - 1.50

Allf u/
P rernova I 0.2 6.20
Secondary None 1.55 2.62

Âl,lT v,/
P removal 0.1 7.25 6.94
Secondary None 2.t9 2.70
Secondary None 2.79 t.77

TOTAL (Yirginia Plants) 108.2 l0¡.2

29.78

1.26

24.59

l.t6
I .02
2.02
6.90
r..lr

1.22

29.66

t.45

8.2r
2.47

8.60
J.50
l.58

rJr.7

0.5r

0.28

o.:'

0.J9
5.00
5.00
5.00
0.67

0.22

b.¡o

0.r5

o.25
5.00

.028
5.00
5.00

15t.7

l.t
182. I

1.7
12.5
84.2

287.7
7.4

7.8

r 26.0

t.9

20. )
r 01.0

2.O
I 46.0
r49.1

|,)22

Cumberland Secondary None 9.0O 10.10 t0.50 4.t0 5.OO j.OO
Ft. Dletrick Secondary None l.0l l.0l 0.76 7.00 5.00 5.00
Freder lck Secondary None 4.40 4.40 5.OO 9.lO 5.OO 5.OO
Hagerstovn Secondôry None 5.74 6.20 6.00 4.60 5.00 5.00
Halfvay Secondary None 0.90 0.90 l.4f 8.50 5.OO 5.OO
La Plafa Secondary 2.O 0.20 0.19 0.59 6.00 i.00 . 5.OO
Hattavoman Secondary None 2.2O 2.2O 4.10 5.00 j.OO 5.OO
Plne Hl I I Run Secondary None . 2.2O 2.20 l.te 5.00 5.OO 5.OO
Plscataxav Seconciarv' ? removal 0.2 15.00 15.00 17.28 0.70 5.00 O.tf
Seneca Creek Secondarv

P removal l.l 4.70 4.20 4.01 0.i0 2.00 l.f7
llestmlnster Secondary None 1.90 1.90 2.10 6.00 j.OO 5.OO

TOTÂL (Maryland Plants, 47.1 48.5 55.0

0.58 0.)8

r.l0 J.l0
6.2' 5.00
5.00 5.00

107.8 42r.t 417.9
60.r 42.9 ll.7

14r.l 182.5 208.5
220.2 2r8.6 19r.2
65.8 t7.5 

'9.6t 0.0 16.2 24.6
9t.7 9t.7 179.f
9r.7 9r.7 112.6

87.6 584.6 I 8.8

19.6 70. I 46.1
95. r 79.2 87.6

1,f89 ¡,877 |,422

t,172 l,rll 994.7

t5.2 18.4 29.7
92.7 72.' 62.6
,4.O 20.0 t4.6

r79.9 r10.9 126.9

Elue Plalns Seconda-v
P removal O.Zt 117.0 5l 7.0 2t6.6 I .20

j

Chanrbersburo Secondarv
P removal None 2.65 3.54 2.74 1.50

Gettysburg Secondary None l.l9 t.f9 1.50 S.OO

laynesboro Secondary None 0.81 0.48' 0.83 B.OO

TOTAL (Pennsylvania Plants) 4.85 5.41 5.07



î\l

ú.
b.
G¡

d.
c.

1980 tloys End phosphoru3 concèntr¡t¡ons reported ln the, l9g5 EpA Chesapeake Bay report
1980 llors and phosPhorus concentrðt¡ons deyeloped froflì data gathered lor thls study
off-llne since 1980 ônd ¡ts f rov rou'ted ro the nen r.rooney srp
not l¡sted in the l98l EpA Chesapeake Bay report
neY plant started ln t9B0

L
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. TOTAL (Rappahannock River)

PHOSPHORUS LOAOS TO CHES,CPEAKE 8ÄY FROil POTHS
IITH FLOI{S GREATER THAN I I,IGO

(Roppahannock Rlver)

Âvg Flov (rnod)

| 9Boð I ggob I 9Bl

t.l8 t.f8 t.lo
2.00 2.01 2.58
t.J0 t.2l t.5l
4.68 1.62 5.41

Facl I tty

Cu lpeper
Freder i cksburg
Hassaponex

-CurrentI reôtment
Leve ¡

;-
Secondary
Secondary

ft!tñr+
None

None

None

Ávo P (moll)
tg8oð lg8oõ ¡9Bl

8.00 5.40 o.2o
8.00 2.95 2.OO
8.00 4.92 6.27

Avg Load ( lb,/d¿v)
rggoô tgeob lså¡

92.1 62.6 2.2
I ff .¿l 50'] 4J.l
86.7 50.0 80.6

t12.2 162.9 t26.1
c' 1980 llovs ond phosphorus coRcenfrations reported ín the lggl EpA chesapeake gay reportb' 1980 flors end phosphorus concenfrat¡ons deveroped from data gethered for thls study

I

I

I
I
t
í
j

j



PHOSPHORUS LO^DS T0 CHES¡\PEAKE BÂY FR0it POTlJs

¡.IIH FLOIJS GREAIER THAN I I4GO

(
(Ja¡¡es RIver)

Avg Flov !mgd) Avg P (mgll) Avg Load (.tb/dayl
l9Bo" lg8oe tg8l tg8oð tg8oo t9B5 tgeoô tgBoD tgal;il-il- ;; "* *,- ,,," ,,,"

t8.60 5.50 859.1
17.60 t9.12 t6.07 J.50 1.50 1.90 51t.7 562.1 526.5

Facl I lty
-CurrentI reôtment

Leve I

Current
P L imít(mo/ I )

Aroy Ease
Atlantlc
Boaf Harbor
Ches aoeake/

El iiabeth
Cl lfton Forge
Cov I noton

-l

Deep Creek'
Fal I lng Creek
llopexe I I

Janes River
Lamperts Pt

Lynchburg
Nansemond

Petersburg
Planners Pt
Richmond
llesfern Branchf
Yl I I lamsburg

Secondlryc None
Secondaryd None

Secondaryc None

Secondary None

Secondary None

Pr I rrary Xole

Secondary None

Secondary None

Secondary None

Pr imarvr/ alúm None

Secondary . None

Secondaryo None

Secondary None

Primary None

Secondary Xole

Secondary None

2),09 lt.zoe 6.to 6.to
0.56 1.42 8.00 5.00
t.9o t.68 8.50 5.OO

l.r7 - g.¡o 5.oo
7.58 9.t2 8.50 8.40

f6.ft )4.t6 1.00 5.00
14.26 6.829 . 7.40 7.10

20.61 14.42n 4.50 4.50
r r.50 rJ.04 8.00 5.00

- ).40
I l.t8 t0.t8 6.20 8.00
9,06 9.59 6.20 6.20

61.01 66.20 7.50 4.50
2.lo - 9.50 7.70
7.27 7.98 8.00 1.70

5.80 I,002 I,t8f 545.7
5.00 48.0 23.4 

'9.25.00 t lf.2 79.2 70. I
72.t 57.1

8.40 5t7.1 r05.q 621.8
5.00 280.¿1 1,514 1,425
5.r0 845.5 886.4 292.2

2.50 774.2 77).5 102.8
5.00 770.6 179.6 54).8
5.)0 2¿9.5
8.O0 491.2 715.9 692.6
6.20 50t.0 168.5 195.9
4.50 f,gl7 2,290 2,495
- 152. I t47.7

t.80 59t.8 226.O 120.7

I t095 10521 9714

I 9.70
0.72
t.60
1.02
7.58

ll.6l
I f.70

20.63
r r.55

9.50
9.69

6r.01
1.92
8.90

IOTAL (James Rlver) 2t1.2 2t9.5 257.5

o. 1980 llovs and phosphorus concentra'tions reported in the l98l EP^ Chesapeake Bay report
b.1980 flovs and phosphorus concentrations developed lrorn data gathered lor fhls study
c. prlmary vith alur¡ addition in l98O and upgraded to secondary level ln lg6l
d¡ rre¡, plants started operatlon in 198) by Hanpton Roads S¿nltatìon 0lstrict
c. partlal flov diverted to the nev Âtlant¡c plont in l9g)
f. facilitles closed and flovs diverted to the ney Atlantic plant ln lggl
9. partial flow diverted to the nev York plant (ln the York Rlver basln) ln lg8j
h. Þôrt¡ôl flov diverted to the ney Nansemond plant ln lggl

Ç

\
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Subbas I n

Susquehanna RIver:
Ncv York
Pennsylvonio

festern ehesapeake
end Upper Bayr

Eastern Shore:

Potuxent Rlver:

Pot<xnoc Rlver:
Ponnsylvanla
l,lrry I and
Ytrglnla
tlest Ylrginto

Ra¡ipahannock River:

York Rlver;

J¡mes River:

AF¡ãg¡¡9IX C.
PHOSPHORUS LOÂDS FRO.i FOTUs
llTH FLotrS LESS TH^N I trGo

2.95
I 7.?g

2.11

6.1I

Avg Floy (ngd) p ¡ood ilb./day)

t 18.9
741 ,1

100.5

251.8

ol.n
7.t9
0.53

or59

I tl6

1.62

T0Tr\L 4t.97

J0.4
299.8

22,1

- 24.6

¡18.4

192.7

I 850.0


