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L. Introduction and purpose

The phosphorus loads from the publicly owned treatment works (poTl,¡) or
municipal $¡astewater treatment plants in the Chesapeake Bay basín can be
estimated based on existlng data and informatíon. However, not all these
phosphorus loads wlll reach the tldal system of the Bay and the Bay proper
after they are released from the POTlJs. A portion of the municlpal
phosphorus loads in the upper sub-basins of major tríbutaries will be lost
before it reaches the fall line. That ls, one pound of phosphorus which
enters the free-flowing ríver is subject to ln-stream processes (e.g.,
sett.ling, algal uptake, mineralization, dilution, etc.) which result in a

reduced load arriving at the fall line than originally entered the river.

The fraction of the municipal phosphorus loads transported from the
sub-basins to the Bay is important to the assessment of the eutrophicatíon
status of the Bay. Such a fractíon ís called the delivery ratio. In
general, the delivery ratio is higher for the downstream sub-basj.ns than
that for the upstream sub-basins. That is, the phosphorus loads in the
downstream sub-basins may not be subject to significant attenuation and
may reach the tidal system and the Bay proper in their entirety.

The purpose of this
entering the Bay. Three

James ) are selected for
basins and the sub-basíns
above and bel.ow the fall
line POTW loads.

study is
major river
the s tudy.

above the

Iine are also

to quant-ify the POTW phosphor:us Ioa<ls

bas ins ( Susquehanna, po tomac , ancl

Figur:e l- shows the three major river
fall line. Nonþoint phosphorus loads

d eterrní.ned to compare wi th the f al I

(e.g., York,

âTe 1.oc-a ted

the nonpo i.n t
bas ins are

Fo¡ the other river basins of the Chesapeake Basin
Patuxent, etc. ) , little or no portion of these watersheds
above the fall line. Therefore, it is assr¡mecl t-hat al I of
and point phosphorus loarls entering the wat-erways i-n these
delivered to the Bay (i."., del.ivery ratio = 1..0).
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When Consldering nonpoínt source loads, it is essential to take into
account. their substantial varíabllity due primarily to hydr:ologic
differences from year to year. For example, the fall line phosphorus load
at Chaín Brídge of the Potomac River attríbutable to nonpoint sources
varies by more than a factor of 4 betweenttwetttand ",ìty" years. Thus, it
would be useful to determfne a rånge of phosphorus loads assocÍated with
possible extre¡nes in hydrologic conditions. The concept of dry, average,
and $¡et years ls therefore utilized to define such a range in delivery
ratios and loads.

The 1983 POTl,l loads are then incorporated with the delilvery ratios to
form the PortJ loads from the sub-basins Eo the Bay during dry year,
average yearr and wet year. Subsequently, the percentage contributíons
from nonpoint and poiaÈ sources from each rlver basln of the Bay are
derived. Ftnalty, the erïors assocíated with the phosphorus load
estimates are also quånt,ified.

2. Study Approach

A Chesapeake Bay Basin l'lodel (the Bay Model) has been develope<l by rhe
Nort.hern Virginia Planning Dlstrict Commission (NVPDC) for the EpA

Chesapeake Bay Program (NVPDC, 1983). The output of rhe Bay Model is the
nutrient (both phosphorus and nitrogen) loads from the waLershed to the
Bay system uncler various hydrologic conrJitions. In adcìilion, the Basin
ModeL has developed the delívery ratios for a number of selecterJ
st¡b-basins in the Chesapeake Bay watershed. The presenL sturly adopts the
approach taken in the Basin Model .sturly and uti-L.i zes t-he model resulrsi as

well as other ínformation devel.oped by the Chesapeak-e Bay Prog::am as a

basis f or thi-s report. As a f irst step of t-he analysí.s, í.t i s nccess,ary
to revieu¡ the Basin llodel and Lo evaluate j.ts .su'i.tabLi lity t.r thj-s .sr-rrrly.

2. L Chesapeake Bay Bas j.n Moriel

The Ba.sin Moclel is an early version of l-ISPF (rr¡rologic Simuì âtion
Prnqram - Fortran) which cons'i..sts of EPA's nonpoint pollutiorr washr¡ff;

t
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submodel, knovrn as NPS, operated in series wlth an in-stream (receivíng
water) pollutant transport submodel. In general, NPS simulation of
nonpoínt pollution loadings from impervlous areas relies upon a dry
weather pollutant accumulation rate and a first-order washoff algorit.hm
while simulation of pollutant washoff from cropland pervious areas relies
upon soil loss algorithms and sedim'ent potency faclors (i.e., ratio of
pollutant nass to sediment mass).

The in-stream pollutant transport submodel símulates flow routing and

pollutant transport in free-flowíng streams and lakes wíth an hourly
tíme-step. Each free-flowing reach ls assumed to be completely mlxed, and

outflow is computed using a form of kinematic wave routing. In-stream
processes rePresented by the model lnclude: heat. transport; biochemical
oxygen demand (BOD) changes due to decay, sinkÍng, sediment releases, and

decomposítíon of dead algae; nitrificatlon-deni.Èrification; phosphorus
transformat,ions; and phytoplankton growLh, respiratíon and sinking.

For the major river basins (..g., susquehanna, potomac, and James)
tributary to the B"y, the Basin Model simulat,es streamflow and transport
of polnt source and nonpoint pollution loadings in the free-flowing
streams upstream of the fall lines. For coastal watershecls (e.g.,
chester, choptank, and York ríver basins) whích are drained by major
estuaries and the Bay, this model simulates t.he freshsrater sLreamflows and
pollutant- loadíngs delivered to tidal r,raters.

The model callbration ancl verifjcati.on resul,ts v¡ere cornpared wittr the
data collected by Èhe U.S. Ceolog:i,caI Survey (USCS) fatl líne mon j torinq
study on a daily, monthLy, and annual basis. Daily loading compari.sons
provided an excessively rígorous test of the nonpoi.nt pollution lo;rrlÍng
factor.s derived from the test watershed mocleling studies, r.¡hije the
monthly and annr¡al loading comparisons were used to guirJe acljustment-s ¡o
receívi.ng wâter submoclel parameters and basefLow/interflow caiibrations.

In summary, t,he model calculatecl f al I line loads match the USGS f alt
line loads reasonably well. Most of the correlation coefficients beLween

the calcttl.ated and measured loads are Õver 0.85 ancl many are 0.90 or



M

H

T

t
I
t
r
T

T

l
I
ã

H

M

M

W

M

I
t

higher (NVPDC' 1983). In general, ínorganic phosphorus tends to exhibit
the least satisfactory match ín atl three river basins (Susquehanna,
Potomac, and James). However, tot.al phosphorus loads are accurately
símulated by the model. Further, goodness-of-fit is relat.ively better for
total nutrients (totat phosphorus and total nitrogen) than for nutrient
componefits (€.g. r rnorganic phosphorus and nitrate nitrogen). As
expected, monthly comparisons typically exhibit better goodness-of-fit
than daily comparisons, due to the greater variabíltty in daity loadings.
In view of the need of the present study (development of annual phosphorus
loads), applytng the Basin Modet results to the analysis ís appropriate
because the model ylelds reasonably accurate annual phosphorus 1oads.

2.2 Sources of Data and Information

The prlmary source of data and lnformation used ln t.his study is the
result from t.he Chesapeake Bay Basin Model (NVPDC, 19g3). Addirional
information such as delivery rat.los was obtaíned from Mr. Joseph Macknis
of u.s. EPA chesapeake Bay program (cBp). A number of srudy reporrs
prepared by the CBp (EpA, I9g2,19g3a,b) were also consulted for addirional
informa tion.

Results of Analysis

3.1 Delivery Ratio

The clelivery ratios for the point and nonpoint phosphorus loarls fr:om
the sub-basins above the fall Iine of the three major river basins are
first analyzed for different hydrologic conrìirions. The yeâr 197l+ was
selected as the typical (average) year becar¡se its flo¡v-frequency curve
mcrst cl.osely resembled that for the tg66-1,978 period. NVPDC selecterì dry
and wet years based uPon consicleration of flow-frequency curves for the
period 1966-1978 for all the basins in the chesapeake Bay and generally
selected the year which was driest or wettest in the majority of hasins.
The year 1966 was considered the dry year while the .year Lg75 as the we¡
year' As such, model operations for an extended low streamflow periorl can
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be expected to provícle the greatest. insights into the baylvicle irn¡;acts of
point source (municipal and industrial) discharges, while mo¿el operâtions
for a "wet year" characterized by relatively high streamflows provicle the
greates t insíghts ínto ttworse casett impacts of nonpoínt sources of
pollution. It should be pointed out that in the Basin Model, the delivery
ratios and the phosphorus loads ere calculated using the fol lowing
assump tíons :

a 1980 land use;
o 1980 pOTW and industríal loads; and
o 1966 hydrology (dry year), 1974 hydrology (average year), ancl

1975 hydrology (wer year).

Table 1 shows the delivery ratios of nonpoint and point source loacls
for the three major river basins. As expected, the wet year hycrrology

Table 1. Delivery Rat.ios of phosphorus Loads
for Sources above Fall Liner¡

MaJor Basin

Susquehanna:
l.Jes t Branch
North Branch
Junía ta
Lower Susquehanna

Sub-basin Combined

Po tomac :
Upper Potomac
Shenandoah
llonac acy
tower Potomae

Sub-basin Combínerl

James:
Appalachian Ridge

& VaIley
Piedmont

Sub-basin Combined

Dryn Year^
ñÞ3_P1ï',

36 17
19 16
19 20
59 51

33

47
47
57
6T

50

26

L8
18
3B
57

¿t+

Avg" Year^
ñÞT-- prs'¿

50 11
27 11
27 t6
82 59

46

65
65
79
85

69

22

1.4

8

32
68

1.7

!Je t- Year ^- -' 

-JNPS. PTS.

57 12
44 t2
38 L7
90 64

24

73 18
76 10
92 4L

99 89

23

55
46

49

32
14

65

57
76

66

30
69

61

57

94

78

J4
BO

7

2

f rom ,.I . Mackni.s of
Nr:npoint Sources
Po in t Sour:ces

EPA Chesapeaì<e ßay P roq ram

70
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yields much higher delivery ratios for nonpoint loads than the dry year or
average year. 0n the other hand, the delivery ratios for point source

Ioads vary slíghtty with the hydrologtc conditions.

In general, the dellvery rat.ío increases from an upstream sub-basin to
a downstream sub-basín wíthin any particular major basin. In addition,
the delivery ratlos of point source loads are always snaller than those
assoclated wlth nonpoínt source loads, properly reflecting the dlfferent
nature between these tÍ¡o types of loads. There may be other factors,
however' such as watershed slope and existence of reservoírs whlch further
compllcate the effect on a case-by-case basis.

3.2 Total Phosphorus Loads

Based upon the derived delivery ratios, the total phosphorus Ioads
(bott¡ nonpoint and point source loads at the fall ltne) from each sub-
basin can be quantified. Tables 21 3, and 4 present Èhe loads to the Bay

for dry year, average year, and wet ye¿rr, respectively. The poínt source
loads are summarized as indust.rial and POTI^Ì loads. Both the 1980 ancl 1-983

POTW loads which are derlved from Lung (fq8+) are presented in these

tables. Finally, the loads f¡om the sources belor,¡ the fall line are shown

in Tables 213, and 4.

Since the spring, summer, and fall seasons are most critical fron a

eutrophication månagement standpoint, the assessments of long-term water
quality impacls as well as the estlmates of nutrienb loadings are focused
on the seven-month períod extendíng from April 1st through October 31st
(NVPDC, 1983). For each productíon ¡un to generate the nutrient loads,
the Basin Model produces fLovt/ loadings for the April-0ctober period (plus
a one-month antecedent period). Thus, the total phosphorus loacls shor¡n in
Tables 2 to 4 are on a loading rate ( l.bs/day) basis calculaf-ed f or the
period from March t.o October under the dry year, average year, and wet

year hydrologic conditj.ons, respectively.



Table 2.

River Basin
Susquehanna:

West Branch
North Branch
Junia ta
Lower Susquehanna

Total

Potomac:
Upper Potomac
Shenandoah
Monacacy
Lower PoÈomac

Total

James:
AppalachÍan Ridge

& VaIley
Piedmont

Total

* 1980 loads
+ derived from Lung

Sources above

NPS Indtc

1 800
1 730

260
2 630
6420

960
530
260
380

213 0

fall Ilne
POTr^j

r!1980' 1983'

Phosphorus Loads (lbs/day) to Chesapeake Bay
from Ìlajor River Basins, Dry Year

L20 100
750 620
90 80

780 650
100 t740 1450

Sources below fall line
POTW

NPS Indvc 1980* t983*

L420 930 3250 1650

47 5 1910 9940 9040

30

130
150
160

30
470

35
315
350

150
160
180

30
520

40
370
410

660
810

147 0

( 1e84)



Table 3.

River Basin
Susquehanna:

West Branch
North Branch
Jun ia ta
Lower Susquehanna

To tal

Po tomac:
Upper Potomac
Shenandoah
Honacacy
Lower Potomac

Total

James:
Appalachian Rldge

& Valley
P 1 edmon t

TotaI

',r 1980 loads
+ derived from Lung

Phosphorus Loads
from üajor River

Sources above

NPS

2520
2430

360
3690
9000

1 330
740
360
530

2960

680
r320
2 000

(1e84)

(lbs/day) to Chesapeake Bay
Basíns, Average Year

POTW
!¿

Indtc 1980 ' 198 3 '

fall line

70 60
490 410
10 60

840 700
L470 L230

below fall line
POTI,JIT

Ind* 1980' 1983'

S ourc es

NPS

90

20

110
65

130
35

340

35
320
360

t20
70

150
40

380

40
370
410

r7 30 930 3250 1650

860 1910 99/+0 9040



Table 4

Rlver Basin
Susquehanna:

West Branch
North Branch
Junia ta
Lower Susquehanna

TotaI

Potomac:
Upper Potomac
Shenandoah
Monacacy
Lower Po tornac

Total

James:
Appalachian Ridge

& Valley
P i edmon t

Total

Y' 1980 load s
+ derived from Lung

Sources above fall line
POTW

NPS rnd* 1980+ 1983+ NPS

Sources below fall line
POTW

Ind:'c 1980+ 1983*

488 0 930 3250 L650

2680 1910 9940 9040

Phosphorus Loads (lbs/¿ay) to Chesapeake Bay
from Hajor River Basins, [,let year

407 0
7 240
910

104L0
22630

3 690
1 530
1 890
1 890
9000

80 70
530 440
80 70

920 7 60
100 16L0 1340

140 16 0
90 100

180 200
50 50

30 460 510

40 50
370 420

- 410 470

1 570
3 330
4900

( 1e84)

I 10
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Tables 2, 3t and 4 show that nonpoint loads are significant above the
fall line in each of these three maJor river basíns. On the other hand,
poínt source loads are much more significant in the Potomac and James

basins below the fall llne. Whl1e industrial loads &re usually smaller
than the POTW loads, their contrlbution above the fatl line is even

smaller. Also note the decrease of POTW loads from 1980 to 1983 (see

Lung, 1984).

Tables 5, 6, and 7 shor¿ the relatíve contributíons betereen nonpoint
and point source loads in each major river basin under the dry year,
averâge year' and q¡et year conditions. Also shown in Tables 516, and 7

are the percentage contributlons from other ríver basins (lJestern
chesapeake and upper Bay, Eastern shore, Patuxent, Rappahannock, and

York). The relat.ive contributions from point sources decrease from dry
year to wet year (from 6L.97" to 28.87"). While the Susquehanna basin
provldes the most nonpoínt loads, the Jarnes basin (particularly below the
fall line) contrlbutes the mosE polnt source loads among alL river basins.

Fínally, the total phosphorus loads from all major river basins under
the dry year, average year, and wet year conditions are summarized in
Table 8. Also shown are the total loads associated wit.h different (1980

and 1983) POTIJ loads for comparíson purpose. Under the same hydrologic
condítion, the difference between the 1980 and L983 loads shown in Tabl-e I
reflects the reduction in POTI/ loads from 1.980 to 1983.

3.3 Error Estimates

The Basj.n Model provi.des reasonabl-y good fit with the observerl rlata,
part-icularly ín terms of the phosphorus Ioads at the fall iine for the
thr:ee major river basins. However, there are some differences hetween bhe

model calc-ulati.ons anrl data which s/ârrânt sonre cliscr¡ssí<¡ns. Âs a first
step in error analysis, it is necessary to examine the sorlrces of errors.

1"r



I
;

I
I
;

I
I
I
I
;

;

I
;

I
;

I
I
I
I

TabIe 5. Percent of
from MaJor

River Basin

Phosphorus Loads
River Basíns, Dry

Nonpo in t

L5.7

5.2
3.5

3.6
L.2

to Chesapeake Bay
Year

J

Ind POTW'
Susquehanna

above fall line
below fall llne

Po tomac
above fall llne
below fal1 llne

James
above fall llne
below fall líne

l,lestern Chesapeake
and Upper Bay

Eastern Shore

Pa tuxent

Rappahannock

York

Total

*r 1980 lndustrial loads
+ 1983 POTI,J loads (Lung,

o 

-, ,:u

0. 1 L.3
2.3 4.0

- 1.0
5.0 24 .0

1 .5 0.4 16 .3

4.3 0.3 1.1

0.6 0.1 L.9

L.2 0.1 0. 2

t.4 0.1 0.1

38.1 8.5 53.4

(u.s. EPA, 1983b)
1e84)

L2
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Table 6. Percent of
from HaJor

River Basín

Phosphorus Loads to Chesapeake Bay
River Basins, Average Year

:k+Nonpoínt Ind-' POTII'
Susquehanna

above fall line
below fall line

Po tomac
above fall line
below fall line

James

L9.2

6.3
3.7

above fall line 4.2
below fall line 1.8

Western Chesapeake
and Upper Bay 3.1

Eastern Shore 4.4

Patuxent 0.7

Rappahannock 1.5

York 1.8

Total 46.8

rk 1980 indus tria I loads (U. S .
+ 1983 POTIJ loads (Lung, 1984)

o:' 
' -u

- 0.8
2 .0 3.5

- 0.9
4.4 20.9

0.3 74 .3

0.2 0.9

0. L 1.6

0.1 0.2

0 .1 0.1

7.4 45.8

EPA,1983b)

L3



Table 7. Percent of
from MaJor

Ríver Basin

Phosphorus Loads to Chesapeake Bay
River Basins, Wet Year

&
Ind POTh¡'

0.1

1.0

Susquehanna
above fall line
below fall line

Po tomac
above fall line
below fall líne

James
above fall lfne
below feIl Ilne

Western Chesapeake
and Upper Bay

Eastern Shore

Pa tuxent

Rappahannock

York

TotaI

:k 1980 industrial
+ 1983 POTI./ loads

4.7

8.3

t,3

3.L

3.5

7 L.2

loads (U. S .
(Lung, 1984)

Nonpo in !
25.8

10.3
5.6

5.6
3.1

- 0.5
2.3 7L .2

0.2 7.6

0.1 0.5

- 0.9

0.1 0.1

- 0.1

3.8 25.0

EPA,1gg3b)

t:t

0.6
7,9

L4
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Table 8.

River Basin

Phosphorus Loads

Drv Year
1980r LgB32

tbs/day) to Chesapeake Bay

Averaee Year l.let. Year
19eol 19832 19aol tgl32

Susquehanna 8450 7970

Potomac 10840 6680

James 14580 13305

Wes tern
Chesapeake 8870 4660

Eastern Shore 3100 2960

Patuxent L930 490

Rappahannock

York

920 730

620 6203

Total 49310 37475

11840 10320

11700 7 670

t5470 14220

9760 5550

3400 3260

1950 510

1130 885

900 9001

56150 43315

257\O 24070

2L020 17000

20290 19000

L243A 8220

8ó40 8500

27 30 1290

3150 2960

3100 31001

97070 84140

POTl.i Ioads from

POTIJ loads

1. The point source Ioads are based on the 1980
U.S. EPA (L983b) and 1980 industrial loads

2. The point source loads are based on the 1983
(Lung, 1984) and 1980 índustrial loads

3. Assuming no change in loads from the York River basin
between 1980 and 1983 because nonpoint loads dominate the
total loads in this basin.

15
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Ffrst, based upon the Basln Model results, some of the errors in
calculatíng the phosphorus loads at the fatl line can probably be

attributed to the fact that Ehe USGS flow-Ioading relationship do not
expllcitly account for seasonal differences (e.g., differences in croplancl
loadings that reflect changes in ground cover) in nonpoint source loadings
whereas the Basin Model does (NVPDC, 1983). Second, wâsterì¡ater treatrnent
plant upgrading during the model callbration/verifícation period is nor
reflected in the constant wastewater discharge values used in the Basin
llodel. In the James River basin, wastewater discharges are the rnost sig-
níficant contributors to simulated concentratlons for the majority of the
callbratlon/verification period, and therefore errors in discharge records
can have a profound impact on the loading estímates at the fall line
(NVPDC, 1983). Thtrd, the approximations required to model transport
(i.e., the transport submodel) through the large river basíns may also
contribute to the differences between the model calculatíons and the
observed data.

In addition t,o the sources of error, it is also importarit to examine

other factors which affect t.he accuracy of phosphorus loading estimates.
Flrst, the loading estlmates depend highly upon the time scales associated
with the concerned water quality constituent, phosphorus. In the
Chesapeake Bay, the time scale to be considered for eutrophication control
ís a season or a year because daily variations in loads are not expected
to affect the Bay. Thus, seasonâl or aDnuaI phosphorus loads, instead of
daily loads' are most appropriate to address the exísting problem. The

Basin ModeI (NVPDC, 1983) projects annual loads more âccurarel.y Lhan

monthly or daiLy Loads. In this regard, the results (from the Basin
Model) used in the present anal.ysís mínímize the errors in loa¿ing
estimat-es because the loads are evaluated on an annual basis.

The accuråcy of the treatment pt.ant clischarge records is another
factor r¡hich significantty affects the accuracy of the estimates of loads
reachíng the Bay. However, such factor: becomes rnore important for the
POTWs in the lower sub-basins than the upper sub-basj.n.s because of the
difference in the delivery ratios. For example, the norlh ancl west
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branches of the upper Susquehanna have a lower delivery ratío (11-7.) than
the lower Susquehanna (59%) under the average year condition (see Table
1-). As a result, more âccurate estimates of the phosphorus loads released
from the POTWs in the lower Susquehanna are required than in the upper
Susquehanna. Further, Èhe nonpoint phosphorus loads delivered from most,

of the upper sub-basins are generally more signíficant than the point
source loads above the fall line. This factor further reduces the need

for highly accurate POTW load estimaÈes in the upper sub-basins.

For the same reason, however, the accuracy of the delívery ratios for
the nonpoint source loads above the fall line is crucial to the
quantification of the fall line nonpoint source loads. Table 4 indicates
that the magnitude of the fall line nonpofnt loads matches or exceeds the

point source (primarlly POTW) loads below the fall line under the wet year
condition.

It can be concluded that the dellvery ratios for nonpoínt source loacls

are the key factor in determining the fall line total phosphorus loads.
Effort is therefore, directed toward the determination of errors of fall
line loads for the three major river basins. Table 9 presents the rat.ios
of the Basin Model (annual) loads to observed loads at. the fall line for
the three major river basíns fron L974 to 1978 (NVPDC, 1983). The average

ratios are 7.L7, 1.05, and 0.98 for the susquehanna, Potomac, and James,

resPectively. Among the three basins, the error is smallest for the James

(27") and the larges t for the Susquehanna (L77") wi rh a I I fac rors
cons idered .

Table 9. Ratio of Basin Model Loads to Observed L,oads
at the FalI Linetr

Year

L97 4
t97 5
3-97 6

797 7
197 8

Avg

YTNVPDC ( 1983)

Susquehanna Po tomac

1..79
0.96
1..02
L .20
0.90

1.05

1.21,
1.20
1.15
1.18
1_.13

James

1.03
0 .88
1..02
1 .09
0.98

0.98L.77
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4, Summary and Conclusíons

The report surnmarizes the phosphorus loads to the Chesapeake Bay from

nonpoint and polnt sources ín three major river basins (Susquehanna,

Potomac , and James) under the dry year, average year, and r.Jet year

hydrologíc conditíons. Delivery ratlos from the sub-basins of these three
river basins are also derived from the results of the Chesapeake Bay Basin

Model. Fínally, the errors associated with the loadíng estimates are

assessed.

The findings of this study are:

Delivery ratios vary slgnlfícanEly wlth hydrologic conditions. As

a result, total phosphorus loads to the Bay could vary substantially
from year to year, depending on the hydrologic conditions.
I.lhtle the nonpoínt sources contribute a major portion of the loads

at the fall lines of the three major river baslns, the point source

loads account for a substantial portion of the loads below the fall
lines of the Potomac and James River basins.
On a baywide basis, about 62/" of the phosphorus loads entering the

Bay would come from point. sources during dry year. This loading
contribution would decrease to 297. during l¡et year.
With the point source loads readily and accurately derived frorn

available monitoring records, the major errors of the loading
estlmates rest on the derivat,i.on of nonpoint source loads, parti-
cularly for the sub-basins above the fall lj.nes.
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