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Executive Summary

1. Ths report is a follow up of an earlier effort (Presumpscot River Waste Load Allocation , Nov 1995)
as a result of a work plan of action items in the S.D. Warren Co. relicensing process and additional
information requests from USEP A. The action items are a series of steps with deadlines that wil bring
the Presumpscot River into compliance with water quality stadards. The Waste Load Allocation and
this report wil be submitted to USEPA as a TMDL for the Presumpscot River watershed.

2. The accuracy of the water quality model was retested with 42 additional verification runs of 1994 and
1995 data from the continuous four parameter monitor at the Smelt Hil dam. The model output of
dissolved oxygen was compared to the monitor dissolved oxygen in these runs. All of the assumptions of
the original model were found to be accurate with the exception of the diurnal dissolved oxygen
adjustment of the lower Presumpscot which was adjusted from 0.0 to 0.4 ppm.

3. BOD5 loads from S D Warren Co. of 4200 and 2400 lb/day for a daily maximum and monthly
average, respectively (65 % reduction) wil be necessary to attan riverine and estuarie diss?lved oxygen
stadards in the summer period (June 1 to Sept 30) at 10 year low flow conditions with no flow
augmentation from Sebago Lae.

4. Flow augmentation from Sebago Lae and summer BOD5 loads from S D Warren of 6780 and 3565
lb/day for a daily maximum and monthly average , respectively (45 % reduction) are the chosen
alternatives to comply with dissolved oxygen stadards. The water quality model was used to derive a
fmal temperature based flow augmentation (QVT) curve for the Presumpscot River which wil result in
compliance of dissolved oxygen stadards (see next page) in the lower Presumpscot River and estuary.

5. Both the water quality model and actual data taen in 1993 indicate that minor non attainment of class
B dissolved oxygen stadards (0.2 to 0.3 ppm under stadards) occurs in the upper Presumpscot River at
the Little Falls , Mallson Falls , and Saccarappa dam impoundments. Additional data collection in the
early morning hours (before 8 AM) is recommended to confirm non attainment.

6. To assure adequate water levels iIi Sebago Lae in extreme drought conditions , minimum flow from
Sebago Lae should be reduced to 250 cfs during emergency low lake level conditions. Emergency low
lake level conditions are defied as follows: When the level of Sebago Lae is one foot below its
allowable target range (see Sebago Lae management plan , appendix) between May 1 and November 
and flow releases from Sebago Lae have been greater than 270 cfs for at least four weeks in order to
maintain the water quality in the river as required by the flow augmentation Q':T curve. Reduced point
source loadings from S D Warren Co. that are necessar to meet dissolved oxygen stadards under this
flow cap are presented as a fuction of river temperature and daily maximum loads in the chart following
the QVT curve.

7. Federal regulations (40CFR125.3) require that before flow augmentation may be considered as an
alternative , a demonstration must be made that flow augmentation is the preferred environmental and
economic alternative to achieve stadards after consideration of other alternatives such as advanced
treatment. It is believed that the public participation process involving staeholders that developed the
Sebago Lae level maagement plan satisfies this requirement. It has been assumed for state licensing
that the required level of treatment for S D Warren Co. with no flow augmentation (see recommendation
#3) would result in undue economic hardship, although no cost estimates for this have been made and no
signficant environmental benefits could be gained. Thus the chosen alternative is preferred over others.

8. Current TSS loading from S D Warren Co. is considered to be the cause of noncompliance of class C
aquatic life stadards and , from an aesthetic stad point, impairment of designated uses of fishing and
swimmg. To address compliance of aquatic life stadads , TSS limits for S D Warren Co. of 5500 and



12700 lb/day for a monthly average and daily maximum, respectively, from May 1 to Sept 30 should be
required as the starting point in a phased approach to licensing. TSS limits in the nonsummer should be
limited to past demonstrated performace or 9950 and 22850 lb/day for a monthly average and daily
maximum, respectively. The licensing should be conditioned to anual summer monitoring to assure
compliance of aquatic life stadards , and be subjected to anual reductions in TSS should monitoring
continue to show noncompliance of aquatic life stadards. Licensing should require that a study plan
should be submitted to the DEP for approval to assure macroinvertebrate monitoring is consistent with
DEP methods and protocol.

9. A temporar 6.5 mile mixig zone was established in Januar of 1996 to comply with emergency
legislation that required facilty specific solutions for dischargers unable to comply with the temperature
regulation. It is recommended that ambient continuous temperature monitoring be implemented in a
number of locations with the goal of greatly reducing the size of this mixig zone.
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Introduction

The Presumpscot River Load Allocation (Nov. 1995) utiized temperature based flow augmentation from
Sebago Lae (i. , discharge more flow from the lake as water temperatures increase) to maintain
acceptable dissolved oxygen levels in the river under summer low flow conditions. Licensed BOD5
loads were used as inputs to the water quality model in the development of these curves. The flow
regulation recommended by the report was used voluntarily by the S. D. Warren Co. (SDW) in 1995.
The summer of 1995 was a year in which extreme drought conditions were experienced statewide. As a
result of the very low lake levels experienced in that summer , and the overall non attainment status of the
river, it became evident that additional measures were necessar. A work plan of action items (see
appendix) was developed in the waste discharge relicensing process of SDW that sets deadlines for a
series of additional measures to bring the river into compliance with water quality stadards.

Ths supplemental report to the Presumpscot River Waste Load Allocation is primarily a result of specific
action items of the work plan and tests the accuracy of the model with additional verification runs in
which the model dissolved oxygen is compared to the continuous four parameter monitor at the Smelt
Hil dam. In addition, this report is intended to provide additional information that USEP A requested in
a prelimiary assessment of the adequacy of the Waste Load Allocation Report for fulfillment as a Total
Maximum Daily Load (TMDL). The Waste Load Allocation is occasionally referenced but not
discussed. For a detailed discussion of the prior modeling effort, one should refer to the Presumpscot
River Waste Load Allocation (Nov 95). Both this report and the Waste Load Allocation wil 
submitted to EPA as a TMDL for the Presumpscot River.

Action item 4 of the work plan instructs SDW to submit a proposal for technology based seasonal
reductions of BOD discharged to the river. The reduced BOD load to the river wil lessen flow passage
requirements from Sebago Lae. The following seasonal reduction (June 1 to Sept 30) resulted for
BOD5:

BOD5 Daily Maximum (lb/day)
BOD5 Monthly Average (lb/day)

Current
1200

6500

Proposed
6780
3565

Action item 6 of the work plan instructs the Department to develop new temperature based flow
regulation (QVT) curves jointly with SDW to maintain the Presumpscot River at acceptable dissolved
oxygen levels. These curves are developed with the DEP model of the Presumpscot River based upon
the reduced loadings proposed by SDW.

Action item 8 aT the work plan requires the DEP to establish a minimum flow for the Presumpscot River
under emergency low lake levels at Sebago Lae and effuent limits under this flow cap. This flow cap
agreed to by S D Warren and the DEP is 250 cfs from Sebago Lae. Both the flow cap and the
associated effuent reductions under the flow cap are actions above and beyond the QVT curves to be
used in extreme drought years when emergency low lake levels are experienced. The goal of the
proposed flow management plan is to use the water volume in the lake to maintain adequate water quality
in the Presumpscot River , but at the same time miimizing the use of this water to the maximum extent
possible while stil maintaining adequate lake levels.

The 1995 data at the four parameter monitor at the Smelt Hil dam resulted in ideal data to retest the
accuracy of the model , i. e. additional verification runs. This data together with the 1994 data resulted in
42 additional model rus. Ths analysis goes above and beyond what is typically done for a waste load
allocation , and results in a very high quality model for the Presumpscot River. In general , all of the
original assumptions used in the modeling analysis of the Waste Load Allocation were found to be
accurate , with the exception of the diurnal dissolved oxygen adjustment that was used in the lower
Presumpscot River. The original model had no diurnal adjustment here , but the new analysis indicates
that an adjustment of 0. 4 ppm is necessary and should be subtracted from the model results to obtain the
daily miimum dissolved oxygen.



Model Verifcation Based Upon 1994 and 1995 Four Parameter Monitor Data

A limitation to the original model calibration to the 1993 data was described in the Waste Load
Allocation (p 22):

The major disadvantage to the data sets collected in 1993 is that miimal point source loading was
occurrig during the surveys and hence the dissolved oxygen deficit at the sag point was not large. 
larger deficit would have resulted in greater model sensitivity to parameter rate changes and a better
calibration. In addition to the calibration and verification data sets , the four parameter monitor could
serve as additional model verification in the future. The dissolved oxygen at the monitor could be
observed during a higher loading condition in the future and the model rechecked and adjusted , if it is

appropriate. "

The four parameter monitor at the Smelt Hil dam is located at the river s dissolved oxygen sag point
which is the location where the lowest dissolved oxygen occurs. Continuous data at a river s sag point is
best mechansm for checkig compliance with dissolved oxygen stadards. If stadards are met here
then they should be met everywhere. Model verification to continuous data at this location has the
advantage of utilization of longer term averages of 7 and 30 days than what was used in the 1993 data
(three days). The river is much more likely to be in an equilibrium or steady state condition over a
period of several days. An importat assumption in the Qual2e model is the assumption of steady state
conditions throughout the system. The 1993 data has the advantage of more spatial coverage, i. e. many
sample locations.

The 1995 data was ideal data to further verify the model. SDW BOD5 discharged to the river, contrary
to the 1993 data sets which was taen under 20% loading conditions , reached 60% of licensed values
which is similar to the proposed seasonal licensed BOD5. The flow conditions in the watershed reached
levels more extreme than a 10 year low flow. In some of the runs , river flow losses actually occurred
from Sebago Lae to Westbrook. As a result, larger dissolved oxygen deficits resulted in the river than
what occurred in 1993. The dissolved oxygen levels in the river in 1995 in some cases approached the
minimum values allowed under state law. This data represent conditions similar to the design criteria

e. licensed load , dissolved oxygen just barely meeting stadards and are good to test the model'
reliabilty under the worst case design runs in the development of the QVT curves. The 1994 data were
used to a lesser extent to further test the reliability of the model under less extreme conditions.

The following data were used in the Smelt Hil dam monitor verification runs:
Flow - Flow gages at Sebago Lae and Westbrook as reported by USGS
Temperature and Dissolved Oxygen - The continuous data at the four parameter monitor
Point Source Loads - As reported on DMR' s by SDW and PWD , Westbrook

The model verification runs were made as 30 day, 7 day and 2 day average conditions. A spreadsheet
was set up to calculate the values used as inputs to the model. In addition a sp eadsheet was set up to ,
calculate a flow balance for each data set, based upon the two flow gages and drainage area proportions.
Both of the spreadsheets are in the appendix to this report. The following number of runs were made:

1995 30 day average 11 runs
1995 7 day average 8 runs
1995 2 day average 10 runs
1994 30 day average 4 runs
1994 7 day average 4 runs
1994 2 day average 5 runsTotal 42 runs

The upstream boundary conditions, had to be assumed for each run at conditions used for the design
model runs , (dissolved oxygen at 93 % of saturation; CBODu and NBODu at 3.4 and 1. 1 ppm,
respectively; and temperature of upper Presumpscot at 1 C less than the monitor temperature). All of the
other calibrated parameter rates , i. e. BOD decay rate , reaeration rate, SOD rate, were held constat to
the prior calibrated rates of the 1993 data. In addition , the same five day to ultimate BOD factors
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determied for the various effuents were used as determined in the Waste Load Allocation. For most
effuents , this was a straight average, but for SDW , a function was derived based upon the BOD5
concentration (figure 3a of the WLA report is repeated on the next page for convenience).

The five day to ultimate BOD factor for SDW' s effuent as a function based upon five day BOD
concentration is considered to be another questionable portion of the model. The BODu/BOD5 for the
higher BOD5 concentrations (lower end of curve) had to be derived based upon a mix of primary and
secondary effuent, due primarily to the lack of BODu data at the higher BOD5 concentrations. To
compensate for this data deficiency, model calibration was used to check the BODu/BOD5 function The
verification runs were initially run utilzig both the function derived values and a straight average of

33 when computing SDW' s ultimate BOD input. Ths resulted in different BODu inputs for SDW'
effuent, and the different model output values for dissolved oxygen could then be compared to the
monitor values. When the straight average of 5.33 for SDW' s effuent BODu/BOD5 was used to derive
the ultimate BOD model input , the model dissolved oxygen was slightly lower than the monitor dissolved
oxygen , when considered collectively, by a value of 0.07 to 0. 23 ppm. When the function derived
BODu/BOD5 for SDW' s effuent was used to derive the ultimate BOD model input, the model prediction
of the monitor dissolved oxygen was high, when considered collectively, but was withi .01 to .06 ppm.
For this reason the function derived BODu/BOD5 for SDW' s effuent is considered to be the better of the
two options for characterizig SDW' s ultimate BOD inputs.

The 42 verification runs are summarized in table 1. The model dissolved oxygen and monitor dissolved
oxygen are compared both individually as a difference and collectively as an average difference and
average deviation. The average difference considers the sign (+ or -) and is hence an indication of the
model being high or low collectively in its estimate of dissolved oxygen. The average deviation pays no
attention to sign and hence is an estimate of the model precision. The average deviation of all of the
model runs when compared to the monitor values , collectively, was withi 0. 2 ppm. When considered
individually, in 27 of the 42 runs (64 %), the model dissolved oxygen came within 0. 2 ppm of monitor
values and in 37 of the 42 runs (88%) the model dissolved oxygen came within 0. 3 ppm of the monitor
dissolved oxygen. This is considered to be a satisfactory verification of the model. It is likely that other
factors such as the accuracy of the monitor data and the assumptions for upstream boundary conditions
are also limiting the accuracy of the model verification , rather than the model , itself. The model and
monitor dissolved oxygen for the 42 runs are also compared as time series plots in figures 1 , and 4.

The model values in table 1 represent a long term average dissolved oxygen of 2 , 7 , or 30 days. Even
though the model prediction of average dissolved oxygen levels is considered adequate, it became evident
that the diurnal adjustment of 0.0 ppm in the lower Presumpscot River was not adequate to characterize
daily minimum dissolved oxygen. The diurnal adjustment (daily average D.O. - daily miimum D. ) at

the continuous four parameter averaged over the entire summers of 1994 and 1995 resulted in diurnal
adjustments of 0.39 and 0.43 ppm, respectively. A value of 0.4 ppm is subsequently being used as the
diurnal adjustment for the lower Presumpscot and the adjustment in the rest of the river remains
unchanged (figure 5).

Model Projections at Design Conditions

The model runs at design conditions are simulations at worst case conditions of high water temperature
low river flow , and maximum licensed loading from all point sources. The design condition is when

O. readings are likely to be lowest and is somethig that occurs infrequently (once in ten years). The
model predictions are subsequently compared to dissolved oxygen stadards specified by state law to
check compliance with water quality stadards. There are two separate tests which must be made;
assessment of mimum dissolved oxygen stadads and assessment of monthly average stadards. The
7QlO flow is used in the assessment of the former and the 30QlO flow of the latter. These values are
difficult to determne on a regulated river , in particular, on one such as the Presumpscot , where flow
regulation in the future may be quite different than historical flow regulation. Low flow values of 300
and 330 cfs for a 7QlO and 30QlO , respectively at Westbrook were used in this analysis. In a meeting in
February of 1998 , S D Warren and the DEP agreed to these values for regulatory purposes. After
adjusting flow for intervening drainage from Westbrook to Sebago Lae (contributions from tributary
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1995 30 Day

Monitor Model
Date O. Diff

1995 mQ/1 mQII mQ/1

18-Jul

25-Jul

Aug

Aug

17-Aug

25-Aug

Sep

Sep

17-Sep

24-Sep

30-Sep

Ave 032.
Ave Dev 158

Table 1 Summary of Additional Model Verification Runs
1995 7 day 19952 day

Monitor Model
Date O. Diff

1995 mQII mQII mQ/1

11-Jul

17-Jul

Aug

20-Aug

28-Aug

4-Sep

22-Sep 7.44
27-Sep

Ave 066
Ave Dev 189

Monitor Model
Date O. Diff

1995 mQ/1 mQII mQ/1

Jul 6.41

1 7 -Jul

26-Jul

Aug

15-Aug

24-Aug

25-Aug

Sep

1 6-Sep

26-Sep

Ave 009
Ave Dev 195

1995 D.O. Diff
Ave

Ave Dev

1994 Data

Monitor Model
Date O. Diff

1994 mQII mQ/1 mall
30 Day

31-Jul

13-Aug

20-Aug

30-Aug

7 Day

24-Jul

Aug

1 5-Aug

31-Aug

2 Day

24-Jul 6.4
AuQ

14-AuQ

22-A'Ug

31-AuQ

1994 D.O. Diff
Ave 

Ave Dev
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Model Verification Runs
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Figure 2
Model Verification Runs
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Model Verification Runs
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Model Verification Runs
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In sum
m

ary, although the proposed reduced loadings from
 SD

W
 im

prove dissolved oxygen
, som

e non
attainm

ent of stadards is s
t
i
l
 
p
o
s
s
i
b
l
e
 
a
n
d
 
a
d
d
i
t
i
o
n
a
l
 
m
e
a
s
u
r
e
s
 
a
r
e
 
n
e
c
e
s
s
a
r
y
.
 
B
o
t
h
 
f
l
o
w
 
a
u
g
m
e
n
t
a
t
i
o
n

from
 Sebago L

ae and the proposed 45%
 reduction in sum

m
er B

O
D

5 from
 S D

 W
arren are the

alternatives agreed to by S D
 W

arren and D
E

P to com
ply w

ith dissolved oxygen s
t
a
d
a
r
d
s
.
 
T
h
e
 
w
a
t
e
r

quality m
odel w

as used to derive a final tem
perature based flow

 augm
entation (Q

V
T

) curve for the
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Figure 8
Model Run at Design Conditions in Consideration

of Minimum Estuarine Dissolved Oxygen Standards
at Low Tide

No Flow Augmentation

1.5

Presumpscot Estuary Mile Below Head of Tide

BOD5 Loads from SOW (lb/day)

120 (=nt)

.. 6780 (propoed)

4200 (required)

O, Srard



Figure 9
Model Run at Design Conditions in Consideration

of Minimum Estuarine Dissolved Oxygen Standards
at High Tide

No Flow Augmentation

1.5

Presumpscot Estuary Mile Below Head of Tide

BOD5 Loads from SOW (lb/day)

120 (=nt)

-- 6780 (proposed)

420 (xequxr)

D ,0, Stard



Presum
pscot R

iver w
hich w

il result in com
pliance of dissolved oxygen standards in the low

er
P
r
e
s
u
m
p
s
c
o
t
 
R
i
v
e
r
 
a
n
d
 
e
s
t
u
r
y
.

D
evelopm

ent of Q
V

T
 C

urves

A
 tem

perature based flow
 curve w

as first proposed by SD
W

 in A
pril of 1995 as a m

ethod of efficiently
achieving dissolved oxygen stadards in the Presum

pscot R
iver. U

nder this proposal the am
ount of flow

passed from
 the Sebago Lae w

ould be dependent upon w
ater tem

perature, (i.e. pass m
ore flow

 from
 the

lake as w
ater tem

peratures increase). U
nder the original proposal a m

iim
um

 flow
 of 250 cfs at

W
estbrook w

as proposed by SD
W

 as a guaranteed m
im

um
 flow

 T
he m

im
um

 f
l
o
w
s
 
g
u
a
r
a
n
t
e
e
d
 
b
y
 
S

D
 W

arren C
o. and agreed upon in a m

eeting in Februry of 1998 are 300 cfs for a lQ
lO

 and 7Q
lO

 and
330 cfs for a 30Q

lO
 at W

estbrook. W
hen adjusted dow

nw
ard for i

n
t
e
r
v
e
n
i
g
 
d
r
a
i
n
a
g
e
 
a
r
e
a
 
i
n
-betw

een
Sebago L

a
e
 
a
n
d
 
W
e
s
t
b
r
o
o
k, 7Q

lO
 and 30Q

lO
 flow

s of 270 and 300 respectively result at Sebago L
ae.

T
hese flow

s or greater w
ould be passed from

 Sebago L
ae at all tim

es, except w
hen the flow

 cap is being
im

plem
ented durig em

ergency low
 lake level situations in extrem

e drought conditions.

T
he m

odel runs presented in this analysis intially assum
e no m

im
um

 guaranteed flow
. T

he m
odel

runs are m
ade w

ith all inputs c
o
n
s
t
a
t
 
e
x
c
e
p
t
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
a
n
d
 
b

undary dissolved oxygen (93 %
 of

saturation assum
ed) w

hich are changed for each run and then held c
o
n
s
t
a
t
.
 
T
h
e
 
f
l
o
w
 is then varied in a

trial and error process until dissolved oxygen stadards are m
et. T

he runs are then plotted collectively in
a flow

 vs tem
perature form

at (figure 10).

T
h
e
 
f
i
a
l
 Q

V
T

 curve is one in w
hich all dissolved oxygen stadards are m

et in the low
er Presum

pscot
R

iver and estuary (figure 11 and table 2) including m
im

um
 class C

 (5 ppm
 and 60%

 of saturation),
m

inim
um

 class SC
 (70%

 of saturation), and m
onthly average C

 (6.5 ppm
). In the final curve, a

m
im

um
 instataeous flow

 of 270 cfs and 30 day average m
inim

um
 flow

 of 300 cfs from
 Sebago L

ae
are used w

hen developing the curves.

A
 dissolved oxygen saturation value of 68 %

 of saturation for a daily average w
as used as the target

dissolved oxygen level above the Sm
elt H

i
l
 
d
a
m
 
w
h
i
c
h
 assures com

pliance of dissolved oxygen
stadards everyhere in the low

er Presum
pscot R

iver and estuary. T
his threshold level of D

.O
. w

as
determ

ned in the fm
al W

aste L
oad A

llocation R
eport (N

ov 1995, p41). N
ote that tem

perature ceilings
of 26

C
 and 30

C
 w

ere used in this analysis for the 30 day average and daily average
, respectively.

T
hese upper lim

its of tem
perature w

ere derived from
 16 years of record at the Sm

elt H
i
l
 
d
a
m
 continuous

m
onitor.

T
able 2 F

inal Q
V

T
 C

urve
T

em
p

R
eq. F

low
 (cts) S

ebago L

M
in, C

 an SC
A

voC

270
300

270
300

270
300

270
300

300
340

330
445

380

470

Im
plem

entation of the Q
V

T
 curve requires t

r
a
c
k
i
g
 
o
f
 
t
h
e
 
r
u
n
n
i
n
g
 
3
0
 
d
a
y
 
a
v
e
r
a
g
e
 
f
o
r
 
b
o
t
h
 
f
l
o
w
 
(
f
r
o
m

Sebago L
a
e
)
 
a
n
d
 tem

perature (at the S
m

elt H
i
l
 
d
a
m
 
c
o
n
t
i
n
u
o
u
s
 m

onitor). In addition
, the daily average

flow
 and m

id day tem
perature at the sam

e locations m
ust be tracked. E

ach analysis is done individually
a
n
d
 
t
h
e
n
 
t
h
e
 
h
i
g
h
e
r
 
f
r
o
m
 
e
a
c
h
 
o
f
 
t
h
e
 
t
w
o
 
c
u
r
v
e
s
 
i
s
 
u
t
i
l
z
e
d
.
 
I
t
 is recom

m
ended that the actual regulation

of flow
 be im

plem
ented so that a buffer of safety is m

aintained
, i.e. the actual flow

 is slightly above the
r
e
q
u
i
r
e
d
 
f
l
o
w
.
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Figure 11

Final Temperature Based Flow Regulation Curve
For Presumpscot River

:tataus Flow

dayaverage flow

*Devclope in Ian of 1998 using SDW propoed license. BODS of 6780 an 3565 lb/day, repetively for a daily maimum an monthy average. River design flows at Westbrokare 7ql0 of 30 cfs an 3OIO of 330 efs , respetively.

intatauS flow cue results in compliace of mium class C (S ppm an 60% saturtion) a.T1 SC (70% saturtion) D.O. stards. Th 30 day average flow cue results in compliace of th 30 day average D.O. stard (6.5 ppm).

Temperature (C) at Smelt Hil Dam Monitor

Tempraturs of 26 C an 30C assum ceilings for daily an 30 day average river teperatur, respetively.



Q
V

T
 Flow

 E
xam

ple
1
.
 
S
t
e
p
 

1
 
-
 
C
h
e
c
k
 
3
0
 
d
a
y
 
a
v
e
r
a
g
e
 
r
e
q
u
i
r
e
d
 
f
l
o
w

30 day average flow
 =

 350 cfs
3
0
 
d
a
y
 
a
v
e
r
a
g
e
 
t
e
m
p
e
r
a
t
u
r
e
 
=
 
2
3
 

Solution 
- From

 Q
V

T
 curve - R

equired flow
 =

 320 cfs. A
 30 cfs buffer m

aintained. T
his is adequate.

2
.
 
S
t
e
p
 

2
 
-
 

C
heck daily average requiredjlow

A
n extended heat w

ave is forecast for the next three days. M
i
d
 
d
a
y
 
t
e
m
p
 
=
 
2
5
 
o
C
.

Solution 
- It is anticipated that tem

perature w
il reach 28 oc by m

id w
eek. R

equired flow
 from

 Q
V

T

curve =
 380 cfs. F

rom
 this analysis about 400 cfs should be passed w

hich w
ould stil m

aintain a sm
all

buffer.

A
bout 350 cfs w

ould be required for the 30 day curve but 400 cfs is needed for daily requirem
ents, so

400 cfs should be passed that w
eek. Since flow

 in the river w
il probably not be adjusted daily, it is

im
portat to m

aintain som
e buffer in the river for future uncertainty, i.e. changes in w

eather.

Federal regulations require a M
O

S in T
M

D
L

 developm
ent. A

n acceptable M
O

S could be rounding up
required flow

s from
 the Q

V
T

 curve to the nearest 50 cfs. Som
e m

argin of safety is also realized due to
the fact that the i

n
t
e
r
e
n
i
n
g
 
d
r
a
i
a
g
e
 
a
d
j
u
s
t
m
e
n
t
 
o
f
 30 cfs from

 Sebago Lae to W
estbrook is based upon

10 year low
 flow

 conditions. M
ost of the tim

e, the intervenig flow
 w

il probably exceed this value
resulting in m

ore flow
 at W

estbrook than deduced by this analysis. T
he R

oyal R
iver gage could be used

as a check to estim
ate flow

 from
 intervenig drainage. If flow

 here greatly exceeds the 30 cfs an
adequate buffer w

ould be m
aintained.

A
n
 
i
m
p
o
r
t
t
 point to m

ention is that a buffer of .1 to .2 ppm
 for dissolved oxygen is autom

atically
m

aintained in the low
er Presum

pscot, since 68 %
 of saturation as a daily average is used to derive the

Q
V

T
 curve (the 68%

 of saturation above the Sm
elt H

i
l
 
D
a
m
 
r
e
s
u
l
t
s
 
i
n
 attainent of SC

 D
.O

. stadards
in the estuary). D

ue to dam
age in the 1996 flood

, the S
m

elt H
i
l
 
d
a
m
 is not used for hydropow

er
c
u
r
r
e
n
t
l
y
.
 
T
h
e
r
e
f
o
r
e
 
a
 M

O
S is autom

atically provided in the estuary, since dam
 reaeration is now

provided for 100%
 of the flow

 spiling over the Sm
elt H

i
l
 
d
a
m
.
 
W
i
t
h
 this spilage

, dissolved oxygen
levels are actually significantly better in the estuary than m

odel projections w
hich assum

e hydropow
er is

s
t
i
l
 
i
n
t
a
c
t
 w
i
t
h
 
n
o
 
s
p
i
l
a
g
e
.
 
I
f
 the dam

 is refurbished in the future
, spilage could be required in low

flow
 situations to m

aintain this M
O

S.

Federal regulations (40C
FR

I25.3) require that before flow
 augm

entation m
ay. be considered as an

alternative, a dem
onstration m

ust be m
ade that flow

 augm
entation is the preferred environm

ental and
econom

ic alternative to achieve stadards after consideration of other alternatives such as advanced
treatm

ent. It is believed that the public participation process involving sta
holders that developed the

Sebago L
ae level m

anagem
ent plan satisfies this requirem

ent. T
h
s
 
p
l
a
n
 
w
i
l
 
b
e
c
o
m
e
 final w

hen it is
approved by FE

R
C

, but in the interim
 S D

 W
aren has agreed to follow

 the m
anagem

ent plan
v
o
l
u
n
t
a
r
i
l
y
.
 
I
t
 
h
a
s
 
b
e
e
n
 assum

ed for state licensing that the required level of treatm
ent for S D

 W
arren

C
o. w

ith no flow
 augm

entation (2400 and 4200 lb/day B
O

D
5 for m

onthly average and daily m
axim

um
respectively) w

ould result in undue econom
ic hardship, although no cost estim

ates for this have been
m

ade. T
hus a no flow

 augm
entation alternative is not the preferred econom

ic alternative. T
h
e
 
S
e
b
a
g
o

Lae flow
 m

anagem
ent plan represents a balance am

ongst com
peting uses and it is concluded that it is

unlikely that signficant environm
enta benefits could be gained w

i
t
h
o
u
t
 
f
l
o
w
 
a
u
g
m
e
n
t
a
t
i
o
n
.

Flow
 C

ap R
uns

T
o assure adequate w

ater levels in Sebago Lae in extrem
e drought conditions, a m

inim
um

 flow
 of 250

cfs from
 Sebago Lae is required during em

ergency low
 lake level conditions. E

m
ergency low

 lake level
conditions are defined as follow

s: W
hen the level of Sebago Lae is one foot below

 its allow
able target

range (see Sebago L
a
e
 
m
a
n
a
g
e
m
e
n
t
 
p
l
a
n, appendix) betw

een M
ay 1 and N

ovem
ber 1 and flow

 releases
from

 S
ebago L

ae have been greater than 270 cfs for at least four w
eeks in order to m

aintain the w
ater

quality in the river as required by the flow
 augm

entation Q
V

T
 curve.
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It is assumed in this analysis that emergency low lake levels would be encountered less than 30 days each
summer. Therefore the required BOD reductions from S D Warren Co. are only daily maximum values
and no reduction in montWy average limit is required. The allowable BOD5 is ilustrated in both graph
and tabular format as a function of river temperature ( figure 12). This analysis shows that as long as the
daily average river temperature above the Smelt Hil dam is less than 23 oC , no further BOD reduction
from the 6780 lb/day is necessary. Above 23 oC , about 100 lb/day less of BOD5 should be discharged
for each oc rise.

Assessment of Aquatic Life Standards and Required TSS Reductions

The lower Presumpscot River has historically been plagued with high total suspended solids (TSS) as a
result of TSS discharged from the S D Warren Co. outfall. Considerig the high strength of SDW'
waste and low dilution of waste water to river (9.2: 1 at 7Q1O flow) when compared to other paper mills
in the state, it is not surprising that the DEP staff considers the lower Presumpscot as the worst stretch
river in the state , when considerig TSS impacts. As a result, designated uses of fishig and swimmg
are clearly impaired due to poor aesthetic conditions on 6.5 miles of the lower Presumpscot River.

Macroinvertebrate data collected by Maine DEP in 1995 and 1996 below the mill outfall revealed the
lower Presumpscot does not attain class C aquatic life stadards. However macroinvertebrate data taen
about 1500 feet above the mill outfall in 1996 and preliminary data taen above the mill outfall in both
the Gambo and Little Falls impoundments in 1997 indicate attainent of classC aquatic life stadards.
Since no toxic problems were apparent and dissolved oxygen levels were adequate in these years , it is
presumed that the TSS discharged from SDW is the cause of the non attainment of aquatic life stadards
and reductions in TSS are necessary.

The assumption that reduced TSS levels wil result in a positive community response of
macroinvertebrates is supported by work undertaen by the DEP and International Paper Co. on the
Androscoggin River. Below IP' s discharge, aquatic life stadards were similarly not met in
impoundments below their discharge in 1995 , a low flow year. In 1996 increased dilution ofIP'
discharge was gained from a wetter summer than normal and in addition , the mil experimented with
polymer addition that resulted in significant TSS reductions. The river below the mill responded
positively to this , and attaent of aquatic life stadards resulted that summer.

S D Warren has recently made improvements to their treatment to address the TSS issue on the
Presumpscot River. Action item #5 of the licensing work plan required SDW to submit a copy of their
final secondary clarifier study and a proposal for TSS limits as a result of improvements to their
treatment. S D Warren proposed a 15% cut in discharge from their past demonstrated performance
(PDP). Action item #9 of the licensing work plan required DEP staff to determine whether or not the
reduction of TSS proposed by SDW would be adequate to meet aquatic life stadards below the mill
discharge. The DEP staff determied that the 15 % reduction would not be adequate and reductions of
45 % from PDP or more would be necessary. The reasons for this determination are explained below.

While it is diffcult to determie appropriate TSS limits based upon aesthetics , a methodology has been
developed to determine limits based upon aquatic life considerations. It is assumed that the required TSS
reductions to meet aquatic life stadards wil also result in improved aesthetic conditions and an overall
attainment of standards. Ths methodology uses aquatic life assessment analysis (attainment non
attainent); river flow durig macroinvertebrate colonization period (when rock baskets were in the
river), and mill discharge of TSS during colonization period. For example in 1995 when SDW was
discharging 7454 lbl day of TSS and river flow conditions were 25 % higher than 10 year low flow
conditions , aquatic life data showed non attainent of stadards. Hence it can be concluded that limits
would definitely have to be lower than 7454lb/day. Since IP discharges to similar habitat as SDW , the
Androscoggin River data was also used in this analysis. In summary, the methodology is as follows:



Input Data
1. Macroinvertebrate Data - The DEP methodology involves colonization of rock baskets for a minimum
of 28 days but for up to two months in impoundments. The data is input into a statistical model
developed by DEP that utilizes information gathered at over 400 sites throughout Maine. The model
outputs attainment non attainment status.

2. River Flow - Ths is generally averaged over a 3 month period including a month before the rock
baskets are put into the river. Note that a floc from TSS can develop in the river even before the rock
baskets are deposited, hence inclusion of the period before placement of the rock baskets. If the period
before placement of the rock baskets was an extremely high flow period , such as July of 1996 , it should
be excluded , since significant TSS settlng should not occur during high flows.

3. Mil TSS Mass Effuent Load - Averaged over the same time period as river flow data.

Calculation Procedure
1. Convert mill TSS discharge to 10 year low flow conditions by multiplying by ratio of 30Q 10 actual
river flow. This calculates what the mill discharge would have to be at 10 year low flow conditions to
get equivalent ambient TSS in the months from which the macroinvertebrate data was collected.

2. If other river data is used , convert other mill data to SDW stadard. Multiply equivalent 30QlO load
(result in #1) by SDW 30 QlO dilution/other mill dilution. This prorates other mill TSS loads to SDW
data based upon dilution. In other words , what SDW would have to discharge to get similar TSS levels
that were experienced on the other river at 10 year low flow conditions.

3. Plot up loads with non attainment attaent information. Observe loads that resulted in non
attainment and loads that resulted in attainent. A range of possible loads can be deduced that could
result in attainent of standards.

The table below summarizes the calculations.
Table 3 Summary of TSS TMDL Calculations

SDW 1995 SDW 1996 IP 1995 IP 1996 IP 1997

Aquatic Life Status N/A N/A N/A

Months June-Aug Aug-Sept June-Aug Aug-Sept June-Aug

Flow (ets) 418 463 2114 2982 4116
30Q 10 Flow (ets) 330 330 1900 1900 1900

30Q 10 Dilution (ets) 10. 10. 24. 24. 24.
TSS Discharged (lb/day) 7454 8795 19804 5750 13495

TSS Prorated 30Q 10 (lb/day) 5885 6269 17800 3663 6229
TSS Prorated SDW (lb/day) 5885 6269 7491 1542 2621

A more detailed explanation of these calculations is contained in the appendix of this report. When this
is plotted with attainment non attainent lines , it can be deduced that the required TSS load would have
to be somewhere in-between 2700 and 5900 lb/day (figure 13). If the range of uncertainty is split
midway, a required TSS load of 4300 lb/day results. Another possible approach in a phased TMDL
would be starting near the top ofthis range of uncertainty with anual ambient monitoring 
macroinvertebrates to confirm attainent status. If non attainent of aquatic life stadards stil results
then TSS loads are further reduced , until attainent is confirmed. Since there is much uncertainty
associated with the TSS allocation, the phased approach was chosen as the alternative.

This approach to calculating required TSS reductions has been the only major issue in the draft waste
discharge license that S D Warren has objected to. Both the mill personnel and consultats for SDW
have pointed out that other factors such as habitat , river velocities and depth , and background conditions
also influence aquatic life status. The DEP generally agree that these other conditions do influence
aquatic life status , but disagree that this methodology is inappropriate. Note that this methodology
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assum
es sim

ilar background levels of T
SS and habitat conditions in im

poundm
ents on the A

ndroscoggin
and Presum

pscot R
ivers. B

ut even if the A
ndroscoggin R

iver data is rejected for analysis on the
Presum

pscot, a sim
ilar conclusion could be reached; that T

SS has to be less than 5800 lb/day. T
he D

E
P

staff believes that the phased approach to licensing com
pensates for the other factors not accounted for in

this analysis. Since loads are prorated to 10 year low
 flow

 conditions, the m
argin of safety required in

federal regulations for T
M

D
L

 developm
ent is also satisfied.

A
s a result of this analysis, it is recom

m
ended that sum

m
er (M

ay 1 to Sept 30) T
SS be set initially at

5
5
0
0
 
a
n
d
 
1
2

700 lb/day for a m
onthly average and daily m

axim
um

, respectively w
ith anual

m
a
c
r
o
i
n
v
e
r
t
e
b
r
a
t
e
 
s
a
m
p
l
i
n
g
 
t
o
 
c
o
n
f
i
r
m
 
a
t
t
a
i
n
e
n
t
.
 If am

bient m
onitoring results in non attainm

ent
further reductions in T

SS should be im
plem

ented anualy until attainm
ent results. A

 study plan for the
m

acroinvertebrate m
onitoring should be subm

itted by SD
W

 for D
E

P approval to assure D
E

P m
ethods

and protocol are follow
ed. R

ecognzig that T
SS lim

its this low
 m

ay not be necessary during colder
w

eather w
hen biological m

etabolism
 is also low

er, it is recom
m

ended that lim
its for nonsum

m
er O

ct 1 to
A

pril 30) be based upon past dem
onstrated perform

ance of 9950 lb/day and 22850 lb/day for a m
onthly

average and daily m
axim

um
, respectively.

Sm
elt H

il D
am

 hydropow
er operation w

as severely dam
aged in the flood of O

ctober, 1996
, to the extent

that it is no longer operational. T
he ow

ners of the dam
, C

entral M
aine Pow

er, have no plans to refurbish
t
h
i
s
;
 
i
n
 
f
a
c
t, they have been actively trying to sell the dam

. SD
W

 has been considering the p
u
r
c
h
a
s
e
 
o
f

this dam
 and its eventual rem

oval. T
h
s
 
w
o
u
l
d
 
c
h
a
n
g
e
 the riverine im

poundm
ent below

 the m
ill to free

f
l
o
w
i
n
g
 
h
a
b
i
t
a
t
 
w
i
t
h
 
o
c
c
a
s
i
o
n
a
l
 
r
i
f
f
e
s
.
 
I
f
 
t
h
e
 dam

 is rem
oved

, or the im
poundm

ent is perm
anently

draw
n dow

n to free flow
ing conditions, the D

E
P staff believes that the Presum

pscot R
iver w

ould be able
to w

ithstad a m
uch higher T

SS load. W
ith a free flow

ing habitat, initial sum
m

er T
SS allocations could

be set at 85 %
 of past dem

onstrated perform
ance in the sum

m
er period w

hich w
ould result in lim

its 
8460 and 19400 lb/day for a m

onthly average and daily m
axim

um
, respectively. T

here w
ould stil be

anual m
onitoring requirem

ents of m
acroinvertebrates to confirm

 attainm
ent status.

T
hennal L

oad and M
iing Z

one

T
em

perature regulations require that no t
h
e
r
m
l
 
d
i
s
c
h
a
r
g
e
 
s
h
o
u
l
d
 raise the tem

perature of the receiving
w

ater by m
ore than 0.5 of outside of a m

ixig zone, w
henever the U

SE
PA

 national am
bient w

ater
quality criteria (66 of for the Presum

pscot) are exceeded. A
 tem

perature of 66 of is exceeded for a
m

ajority of the sum
m

er on the Presum
pscot. T

he 1995 W
aste L

oad A
llocation (N

ov 1995) docum
ented

that the SD
W

 discharge c
a
n
o
t
 
m
e
e
t
 this criteria and is often discharging 4 to 6 tim

es the heat required to
m

eet the 0.5 of differential. E
m

ergency legislation passed in June of 1995 required the D
E

P to develop
facility-specific solutions by Jan 1

, 1996 for dischargers unable to com
ply w

ith the tem
perature rule. 

a result, a m
ixing zone 6.5 m

iles in length (from
 SD

W
 outfall to the Sm

elt H
i
l
 
d
a
m
)
 
w
a
s
 established to

com
ply w

ith this em
ergency legislation in a tim

ely m
aner.

, I

E
P A

 has expressed concern over the size of this m
ixig zone (

S
t
e
v
e
 
S
i
l
v
a, U

SE
r A

, letter to D
ave

C
ourtem

ach
, M

D
E

P
, June 1996) and has asked w

hether or not indigenous species of fish can be
supported w

ithin the m
ixig zone. T

here are also other state law
s that m

ust be satisfied such as the zone
of passage law

 that requires not less than 3/4 of the cross sectional area be available for zone of passage.
H

ow
ever proof that these and other criteria are not being im

pacted by heat is problem
atic due to the fact

that already large im
pacts are realized from

 T
S

S
 discharges. U

ntil T
SS discharges are reduced

, it is not
w

orthw
hile to undertae studies addressing heat im

pacts.

T
he D

E
P view

s the size of this m
ixig zone as tem

porary, only to com
ply w

ith the em
ergency

legislation. It is believed that the overall length of the m
ixig zone can be reduced greatly through

am
bient tem

perature m
onitoring. In the past, efforts to assess the length and severity of heat im

pact
through am

bient tem
perature m

onitorig utilzed grab sam
pling at a num

ber of locations. W
ith grab

sam
pling it is diffcult to differentiate tem

perature increases due to am
bient diurnal fluctuations from

 the
m

ill discharge. It is concluded that continuous m
onitoring is a better w

ay to assess heat im
pacts. For

this reason
, it is recom

m
ended that continuous tem

perature devices be placed in the river at a num
ber of



locations in the summer whenever ambient background temperatures exceed 66 of. The placement of
these devices should cover (but not necessarily be limited to) the following locations at mid depth.

-Two Background Locations - Mid chanel - Possible locations could be above Cumberland Mils dam
and bridge in mill yard.
-Point of complete mixing - Quarter points - about 3/4 mile below outfall (established by dye study)
-Riverton (route 302 bridge) - Quarter points
-At least 3 other sites at mid chanel down river from Riverton.

The mixig zone should be re - evaluated during the next round of licensing and appropriately be reduced
in size. It is possible that the TSS issue wil be resolved by then also and other issues can be addressed in
the next round of licensing.
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Appendix A
Model Inputs and Verification Data

Flow Balance Spreadsheets
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1995 Model Runs 7 Day Ave
O. Diff = Model D. O. - Monitor D.

Monitor SDW SDW SDW SDW SDW West West West West
Date Model DO O. Diff Temp Temp Qwestb Qseb BOD5 BOD5 Bu/B5 CBODu NBODu BOD5 BOD5 CBODu NBODu

1995 mall mall mall cfs Ib/dav mall mall mall Ib/dav mall mall mall

11-Jul 25. 77 .43, 363 313 2366 15. 70. 211 14. 14. 40.
17-Jul 24. 76. 407 352 2701 17. 77. 190 13.40 13. 36.

Aua 25. 77. 421 366 1564 10.42 54. 125 24.
20-Aua 25. 78.46 416 383 2635 17. 76. 127 24.
28-Aua 23. 74. 364 383 5440 36. 118. 139 26.

SeD 21. 71. 356 341 3320 22. 86. 147 10. 10. 28.46
22-Sep 7.44 18. 65. 286 268 3696 24. 94. 250 17. 17. 48.41
27-SeD 17. 63. 296 268 4007 26. 99. 262 18.48- 18. 50.

Ave 066
Ave Dev 189

Flow Balance Icfs)
b INote: On dates when Qwest c: Qseb; all flow losses are withdrawn incrementa IV and tri f ows =

Date Qwest Qseb Hdwtr Little Incr1 Mil Piscat Incr2 inc 1 Ice inc2/ce
11-Jul 363 313 335 15. 110 054
17-Jul 407 352 377 10. 16. 120 059
25-Jul 445 369 403 14. 22. 166 082

Aua 421 366 391 10. 16. 120 059
14-Aua 367 368 368 012 007
20-Aua 416 383 398 2.4 072 036
28-Aua 364 383 374 10. 119 131

SeD 356 341 348 033 016
11-SeD 297 307 303 071 069
22-SeD 286 268 276 5.4 1.3 039 019
27-SeD 296 268 281 8.4 061 030

Flow Balance Variables
Q westb=Presumpscot River flow at westrook USGS gage

Qseb=Prumpscot River flow at Sebago Lae gage

Hdwt=Flow at model upstrea bounar (Gabo Rd)

Litte= Litte River input

Incrl =lnput from increenta drage between Sebago

an Westbrook gages excluding Litte R drainge

Mi = Mi River input
Picat= Picataqua River Input

Incr2=lnput from incrementa drage below Westbrook gage

excluding Mi an Picataqua R

Incllce=lncrl input per model computationa element
Inc2/ce=lncr2 input per model computational element



..'

-0.

1995 Model Runs 2 Day Ave
O. Diff = Model D. O. - Monitor D.

Monitor SDW SDW SDW SDW SDW West West West West
Date Model DO O. Diff Temp Temp Qwestb Qseb BOD5 BOD5 Bu/B5 CBODu NBODu BOD5 BOD5 CBODu NBODu

1995 mall mall mall cfs Ib/dav mall mall mall Ib/dav mall mall mall
Jul 6.41 25. 78. 347 297 2327 15. 69. 175 12. 12. 33.

17-Jul 25. 78.44 411 352 2620 17.45 74. 5.46 329 23. 23. 63.
26-Jul 25. 77. 416 369 2398 15. 71.46 283 19. 19. 54.

Aua 25. 78. 403 366 1372 48. 14.
1 5-Aua 25. 78. 405 383 2968 19. 77. 164 11. 11. 31.
24-Aua 24. 75. 364 383 5359 35. 116. 159 11.21 11. 30.
25-Aua 23. 75. 366 383 7269 48.42 135. 5.47 15.

Sep 21. 70. 316 338 3953 26. 98.
1 6-SeD 20. 68. 285 268 3422 22. 89. 219 15.45 15. 42.40
26-Sep 17. 62. 306 268 3720 24. 94. 231 16. 16. 44.

Ave 009
Ave Dev 195

Flow Balance Icfs)
d "b flNote: On dates when Qwest c: Qseb; all flow losses are withdrawn incrementa Ivan ows =

Date Qwest Qseb Hdwtr Little Incr1 Mil Piscat Incr2 inc1 Ice inc2/ce
Jul 347 297 319 15. 110 054

1 7 -Jul 411 352 378 10. 17. 129 064
26-Jul 416 369 390 14. 103 051

Aua 403 366 383 11. 081 040
11-Aua 351 366 359 098 104
15-Aua 405 383 393 048 024
24-Aua 364 383 374 10. 125 131
25-Aua 366 383 375 9.4 112 118
26-Aua 364 383 374 10. 125 131

Sep 316 338 328 12. 10.4 144 152
Sep 292 302 298 066 069

1 6-Sep 285 268 276 037 018
26-Sep 306 268 285 11. 083 041

Total D.O. Diff 1995 Data Ave 

Ave Dev

Flow Balance Variables
Q westb= Prumscot River flow at westrok USGS gage

Qseb = Preumpscot River flow at Sebago lJe gage

Hdwt=Flow at model upstrea bounar (Gabo Rd)
Litte=Litte Rier input

Incrl = Input from incrementa draage between Sebago

an Westbrook gages excluding Lie R draage

Mi = Mi Rier input

Picat= Piscataqua River Input

Incr2=Input from increenta drainge below Westbrook gage

excluding Mi an Picataqua R

Incllce=Incrl input per model computationa element

Inc2fce=Incr2 input per model computationa element



Model Verification Runs with 1994 Data
O. Diff = Model D. O. - Monitor D.

Monitor SOW SOW SOW SOW SOW West West West West
Date Model DO O. Diff Temp Temp Qwestb Qseb BOD5 BOD5 Bu/B5 CBODu NBODu BOD5 BOD5 CBODu NBODu

1994 mall mall mall cfs cfs Ib/dav mall mQII mQII Ib/dav mQ/1 mall mall

Monthy
31-Jul 25. 77. 67; 516 465 3386 22. 88. 6.44 128 24.

13-Aua 25. 78. 475 430 4176 27. 101. 104 20.

20-AuQ 25. 77. 475 432 4260 28. 103. 106 7.48 7.44 20.

30-Aua 24. 75.40 442 399 3808 25. 95. 124 24.
Weekly

24-Jul 25. 78. 393 327 2915 19.42 76. 111 21 .49

AuQ 03' 26. 78. 638 599 6458 43. 128. 112 21.

1 5-Aua 24. 75.45 362 334 3457 23. 90. 111 21.

31-AuQ 1.3 22. 72. 372 334 2482 16. 72.42 139 26.
2 Day

24-Jul 6.4 80. 392 327 3085 20. 80.44 111 21 .49

Aua 26. 79. 637 599 7960 53. 143. 10. 11.

14-Aua 75. 360 334 3613 24. 91. 128 24.

22-Aua 22. 72. 406 334 2020 13.46 62. 242 17. 16. 46.

31-AuQ 22. 72. 366 334 2826 18. 80. 151 10. 10. 29.

Ave 022
Ave Dev 166

Flow Balance (cfs) Date Qwest Qseb Hdwtr Litte Incr1 Mill Piscat Incr2. inc1/ce inc2/ce

Monthly 31-Jul 516 465 488 9.4 15.4 112 055
13-Aug 475 430 450 13. 099 049
20-Aug 475 432 451 13. 094 046
30-Aug 442 399 418 13. 094 046

Weekly 24-Jul 393 327 357 12. 19. 145 071

Aug 638 599 617 11. 085 042
15-Aug 362 334 347 8.4 061 030
31-Aug 372 334 351 11.5 083 041

2 Day 24-Jul 392 327 356 12. 19. 142 070
Aug 637 599 616 11. 083 041

14-Aug 360 334 346 057 028
22-Aug 406 334 366 13. 21.7 158 078
31-Aug 366 334 348 2.4 070 035
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..",."'.'"".",,

4
0
5
 
4
4
5

)):::iJH
W

))

R
iver Flow

 (g Sebago (cfs)

298
298
298
298
298
298

298
298
298
298

298
298
298
298

298
298
298
297
297
297
297

297
297

2dayavc

298
298
298
298

298
298
298
298
298

298
298

298
298
298
298
298
298
297

297
297
297
297

\i.

::::

203
233

...................

:\\m
X

f:\:::::

179

183

176 
213

176 
213

176
220

...................

::f:: :::

f:t::: :r:::a:
g::::::: 225

...................
...................
...................
...................

:ff:J
:ff::

218

226
215
216
211

216

,...............,",
"""""""""

t:::fiii:tt::

297

297
352
352
352
352
352
352
352

297
325
352
352
352
352
352
352

7 day avc

298
298
298

298
298
298

298
298
298
298
298

298
298

298
297
297
297

297

297
305

........ "
'.----

((tijj:'M
ff

321

328
336
344
352

30 day avo

307
309
310

352

352
369
369
369
369
369
369
369

352
361

369
369
369
369
369
369

::f:ri
f::::::

::::::::j:

?::::::::::I::::::::::::i::i::::::::::

316
319

321

323
326
328

"""'.
'...........

...................

::::::::f
ijjr((1

352
354
357

359

362
364
367
369



Presumpscot River Data

Westbrook BOD5(1b/day)

995 Day 2 dav ave day ave 30 day aye

......... ........ ............... .

):it Mwm 482 ::'::)::tij t)J 297

27-Jul 310 245
28-Jul 237
29-Jul 237
30-Jul 237
31-Jul

n..." .......".

.............,........"............. ..............."".,...............,.

:jf:jI?p$"

j::j:jjjj::j:j:j:

ijij(: 202
Aug 202

::::j:miJM:::

....... ... .............,............

:=))/1.$:::// 108

Aug 277
Aug 277

""'"'''''''''''' -"""""""'...::::

*Mn) ::::::::::4i.$J:::

Aug

..",............,. ............,..,...................... '-""""""..

!:!:::j!f.$. ij:jJ:

:::

r:::jjj!

:::::::::::

Aug

Aug

Aug

Aug

Aug

Aug

........... ..... . ........... "'

)l$MMm: :::)::)i$.::::J

Aug

",- ............... .............,",...................... '"''''''''''''''''""""""',.'...

jfliMiijij):j'

..................."""""

1",','

~~~

tttt/:.

~~~

Aug

Aug

..............,..,. ..............,....

:::i.!MMM:

.............,....,

:)):4 7))::
21-Aug

22-Aug

23-Aug 266 201

tiiMM&

/:::'

/1!i1K:i:t

"".""".......,

/ij$.Mimt: '::::::::Jtij:::::::':::::

:::::::

J:!!l:::::j:::::

26-Aug

27-Aug

lmMi:: ::::'::"':W? /:::t
29-Aug 220
30-Aug

31-Aug

Sep

""""""""'" "".""",.,.,."".""""'.',,,.. ""."""""""

J::! $.'B::j:j :::ij:::::::t1":::::':j:::

Sep

..,.,........,...., "", '.."..."""

:j::/WJ M:j:!

'.",...,."""",

:t4' t"""""

....,., ....,...... , .......:::;:::::;::,::,:,::,:::::::::::::

30 Day Runs

7 Day Runs

2 Day Runs

River Flow (Q Westbrook (ets)

361

363
364
363

379

371

363

352
335
328

Day 2 da avo

411

565

925
585
529

485
456
410

395

386

408

408

400
375
348
340
362
384
377
382

427

". ..........,

)'mWl;ij)):

488
745
755
557

507
471

433

..,.... ....,..:::::::::::;;: ::::::::::::::::::::::: ::::::::::

391

397
408

404
388

362
344
351

373
381

380

:t:/#.9.$/:j/

467
467
385
390
392
384
364
362

366

366

447
467
426
388
391

388
374
363

:::W?: ii(t:
't:(i i:((

364
362
364
364
371

375
367
358
344
332

7 day ave

464
438

""",....,."""

:r:):#. l:::'mm

409
397
389

381

377

374
369
367

374

391

409
413
414

::tj1Mdi:tj/:

416
407
392

378

371

367

::(/::i iiWj:tj

364
366
367
366
365
361

"""",."""",""""",..""""""""'" "" " " "...... .....,....... .....

:::::::::r",:"".:.

:,::::::::::::

30 day avo

423

438
506
527

546
560
565
565

410

416
433
439
443
446

!:::::::!:::IDWj:::::j:!

447

541 448

449
451

453
454

:':':':':':'::';' :::::':://:,:

:rr
454
452
451

450
449
448

448

450

:::::::::::11::::::::::

441

439

437
435
434
433

375

431

::::::::::::i B::::j::::::

423
404
397
391

388
385
383

""""."""..",..."".""".,..,"', '",.."",..,.

:::j:::t It.:((::
380
378

River Flow (Q Sebago (ets)

383

383
383

383
383

383
383
383
383

383

383

383

383

383
378
333
333
333
333
338
338

Day 2 day ave

369

369
369
369
369
369
366
366

..........,..,....

::::::)M :'m:)

369
369
369
369
369
368
366

366

366
366
366
366
366
366
366
366
366
366
383

.. ,..............""""""""",'-"' " " " '"",. "",'..... ,....:::::::;::, :::::::::

366
366
366
366
366
366
366
366
366
366
375

....,..... ,.. ..""""" '""","""""' " " " ' '...... ,........', ....,:::::::::::...,. ::::::::::

383
383
383
383
383
383

383
383

(::::::jij ft'

j:t::::iiij:(:t

383
383

383

381

356
333
333

333
336
338

7 day avo

367
367

""""''''"""":::):)

:ij r'm'm

366
366
366
366
366
366
366
368

371

373
376
378
381

"""",.,..""",)))

ijM)r
383

383
383

383

383

,.....,.."........,.,...".",...".,.-"' -"" ' " " ',',',......, .....,....., ,......:::::::;::::" :., :;:::::::;:

382
375
368

361

354
347

"",.. ,..""",.",.". ,....""".""" " ',...." ......

:i:i:ft.

,:::,

;::):rf

30 day avo

369

369
369
369
369
369
369
368

368

333

335

338
340
342
345

..........." """"""""..""""""""""'"""

frr *1!?f

~~~

349

352

354
356
359

361

j::::::::jj:

!!jIjj:::
364
364
365
365
365
366

368

369

."""",.."".""""""".""""".""..,.,..

ttr ?Pttm
370
371

371

371

372
372

383

383

373

"""'""""",,,""",..,.""".,::::::::::'

l:!::j::::::

374
374
375

375
374
373

372

......,......"..,..........,....,....,

j::::jj:jjj!?l::::!:):r

370
369



Presumpscot River Data

Westbrook BOD5(1b/day)

995 Doy 2 dayave 7 day avo 30 day avo

"""""" ... .. -, ...........

i?$.W-$.Wm

...-..............

:,t:: tt:(
Sep 370 210

7-Sep 245
Sep 305

",..," ............. ...................

::::I IM:::::

..........,..,.....

305 ::r::::::ll!::::I:::

Sep

Sep 204
Sep

Sep

Sep

Sep

:::::tiji,$.ff\ :\::::::iMf\?

...................

:::A:!t i:::::

.........................................................

:::::::::n: ??m

Sep 289 289
Sep 251

20-Sep

Sep

::::ii4i.W\:

...........,-................,-,......

409 291 t:::::J i$(ttt
23.Sep 409 250

............,-..... .......,..,-..................,-...... .......,-.-,.......

:::::11

:::::

250
:'::i:::WIiI:::::::::

25-Sep 252 252 242

"""""., """

::\:ri X:?\iJnr"

""'" :'. j" j

jt: 209 242

:\I:#$.m1.\

..................

266 238

\\\g

i$\\::
28-Sep 201 234 267
29-Sep 220 230 196

:::::ijp$.I:I 220 230 I:II\i6.6.:::::r::

. i

; \ ..,.....................,...................,...................,................."""""""""'"

::::::::':::r::::::::::::::t::::::: 30 Day Runs

..........................................................."""'.............

:::::::::::::::::i:::::::::,:!'::i:::t 
7 Day Runs

..",..............................."

ii::::!!:::::::::::!::!!':::::::::!: 2 Day Runs

River Flow (9 Westbrook Icfs)

Doy

304
2 day avo

294
290
306
295
297
294
302
302
300
290

279

............. .

i:::::::::ili??:

299
292
298
301

296
296
298
302
301

295

:::::::::::

im:r

294
289
287
289

286
276
295
314
309

302

289
286
287
279

296
288
287
283

7 day avo 30 day avo

347

335
324
316
307
302
297
297

298
299
297

374

371

368
366n.,...........

.......................:::::'

:::'::ipl:::::::::::

363
360
357
354
350
344

295 338

t:::::Mi :::::::t

332
328
325
322
320
317

'..................".....................................

::::\:m:t ::):r
314

312

309
307
304

.......,................,..............

?mm:: P.?::r:

River Flow (9 Sebago Icfs)

268
268
268
268
268
268
268
268
268

268

268
231

231

231

268 283
268 278
268 273
268 268
268 268

...................

268 ::::m::ni.ijij:::rm:268 268
268 268268 268

)m:::jiij:rr' 268

...................",...........".......................,

)))t I,f):(

263
257
252

Doy 2 day avo

287 294
292 294
288 292
288 290
288 288

""",.,..........

281 :?:'

::::

mm:m:286 288
305 291312 294

r::\jQ. rr:: 296

"""" "'.-......

.."n.............
?:m:mt. $ir?

296
297
295

338

302
302
302
302
302
302
302
302
268
268

268

... ...............................,"""""

:;;:e:","""""

~~~~

320
302
302
302
302
302
302
302
285
268

))\tlij::':)::

268
250
231

231

7 day ave

335

331

326
322
317

312
307
302
302
297
292

287

30 day ave

368

366
363
361

m)): i"\\m
357

355

353

350
346
342

339

,..".,............"..................,...,.............."................,

f)\1i

~~~

rIi
331

327

323

319

316
312

"""""""'.,..-"""""'-".....

::::::::i:jgg:::::::m

304

300

296
292
288

"""""'-""""....._-",.........':':)'::

n;n))



Presumpscot River Data

Dissolved oxygen (ppm)
1995 Doy Avo 2 day .vo day ave 30 day .vo Avoin DO

1 5-Jun 0.4
16-Jun 8.40 0.4
17-Jun
18-Jun 0.4
19-Jun
20-Jun 7.45 0.4
21-Jun 0.4
22-Jun
23-Jun 0.4
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun 0.4
29-Jun
30-Jun 0.4

Jul

Jul 0.4
Jul 0.4
Jul 6.4 0.4
Jul 6.45
Jul

Jul 6.4 6.45 6.44

JM??

: "

?j;i,\\K:t

Jul

10-Jul 6.40 0.4
:rf :i:iJ.ijF::: 6.4 6.45 ::::tM !i/f

12-Jul 6.46 0.4
13-Jul 0.4
14-Jul

15-Jul

16-Jul 6.45

rWiMWJ t:j '$Jm

.............. ..,..

I::::: :;l H:'

-,.................. ..........................................................

:I:!

~~~~

II::

...,..,-,..........

jmt

~~~~

t:J: 0.40
19-Jul

20-Jul

21-Jul 7.45
22-Jul 7.4
23-Jul 0.40
24-Jul

:::::;

;w,:::::::

...........",,'...,..................

:::tiQ mti 0.40

Doy Avo

30 Day Runs

7 Day Runs

2 Day Runs

Temp IC)

2 day .vo 7 day a 30 day a

18.

18.

19.

21.7
23.
23.
23.
23.4
23.
23.
24.
24.
23.
23.
23.
24.
24.
24.
24.
24.
25.
25.

25.

25.4
25.
24.
23.
24.
24.
25.

18.

18.

19.

20.
22.
23.40 20.

23.50 21.
23.45 21.

23.35 22.
23.50 23.
23.95 23.
24.20 23.
24.00 23.
23.70 23.

, 23.70 23.
24.05 23.
24.50 24.
24.80 24.
24.85 24.
24.85 24.43
25. 10 24.
25.50 24.

t::2\iWl 25. 1 6

25.60 25.
25.25 25.
24. :t; $a#.:
24.10 25.
24.00 24.
24.60 24.81 23.
25.30 24.80 23.
25.85 24.89 24.

::tZ$.:j$pJ: ::':::t. I'!::::::

""" ;"",,,,

24.70 24.86 \Mi :::t

23.40 24.76 24.42
22.90 24.54 24.41
23.20 24.36 24.41
23.85 24.13 24.43
24.35 23.93 24.47
24.50 23.76 24.

........ .,-.,-......

24.70 23. ?:mm~

25.

23.

22.
23.
24.
24.
24.4

D Warren BOD5 (lb/day)

Doy day ave 7 day .vo 30 day .vo

2326
1713 2020
1815 1764
1806 1811

1642 1724
2444 2043
2227 2336 1996
2024 2126 1953
1625 1825 1940
1487 1556 1894
1379 1433 1833
1080 1230 1752
1634 1357 1637
1425 1 1530 1522
1649 1537 1468
1961 1805 1516
1973 1967 1586
1917 1945 1663
2163 2040 1817
1825 1994 1845
1785 1805 1896
1828 1807 1922
1843 1836 1905

......... ....,.....

2810 1)/ 2024

2615 2713 2124
3408 3012 2302
2271 2840

::::?~~~

ijtf
2971 2621 2535
3435 3203 2765
2435 2935 2849 2051
2554 2495 2813 2058
2321 2438 2771 2078

:$iQJm

....... ..,.........

2919 ttltt 2115

"""""'"''''''''''''''' '...-.....-"""""" '.....

1947 2433 2655 It:?j:
2009 1978 2517 2132
1810 1910 2285 2111
2621 2216 2312 2124
1709 2165 2191 2114
2093 1901 2158 2129
2300 2197 2070 2156

".""............"'."""..'.".'.

1996 2148 2077 mm: l?ltf



Presumpscot River Data

Dissolved oxygen (ppm)

995 Doy Avo 2 day avo 7 day avo 30 day avo Avcin DO

'tlZ6WMt \HUjp\\
27-Jul

28-Jul 0.40
29-Jul

30-Jul 0.40
31-Jul 0.40

;.:.:.:.;.:.:.:.;.:.;.:.:.:.;.;.;.:.:.:

::I::::

~~~:::

ttWMi.:t:: 7.4
Aug

mmi3 Ai;

:'::: ....... ..........."""'

"nr""ft.)r. 

: .

:f!:

4-Aug 7.4
Aug

'::ti#iijd' t::

............,.......,-,.........

'/:J Mtt/:J
Aug

..............,..... ""'..""'-"''''"'"'''''''''''''' ............."..,.

:tWii9i:t::

"""""

7"' 16:-"""ttr.::k.L:.?rm
Aug

Aug

Aug

Aug

Aug

Aug 6.4 0.40

",".... ......,.... ... ....".......

\Umti$iK

........ ..........

tf$tr"

.....", ......... ....;:;::::::'" : " "' : ,::::::::

Aug

:::

:lf.i

::: "......... ......

:::::,il;;:'

::::::'

Aug 6.45 0.40
Aug 6.40

ti.iMMM

..........."......:\\ $.j:\\

21-Aug

22-Aug 6.47 0.40
23-Aug

:':*4M;4

::'

::::::)i;#'iPt 0.40

..............",..

\i$M;ijff ttMi&tm

...................

6.44
::::!f:!!::j::::

26-Aug 0.40
27-Aug 5.4 5.45 0.40

::::\ii1AM? t,::m6# m:t:

29-Aug 6.45
30-Aug

31-Aug 7.40
Sep 7.4 7.45

..,................ ',,",.............''',.. ''""",,,,, .........,.",'.'.'''''''''''''.....,. ....,.,....,., ..,.,.,.....,.,..,...."~~~

MFt lmjM

j::j

Sep

",'.....,.,.,."., ".. ,.. ,.." ..,.."

t%#$.#t:: W::':'

Doy Avo

25.

25.
24.4

24.4
25.
25.
26.

25.

25.
24.
24.
23.
23.
24.
24.
25.
25.
25.
25.

25.

25.
26.
26.
25.
25.
24.
24.
24.4

24.

23.

23.
22.
22.
22.
22.
21.
21.
21.9
21.7
21.6

30 Day Runs

7 Day Runs

2 Day Runs

Temp (C)

2da avc 7 day ave

.. .......'......

jjij;ij$:j 24.

25. 15 24.
24.80 24.
24.20 24.
24.20 24.
24.75 24.
25.35 24.
25.85 24.

...,..'...,.....,~~~

$.$)' 25.

25.45 25.

24.85 25.
24.40 '::tiij&jtt
24.00 25.
23.80 24.
23.95 24.49
24.40 24.

24.95 24.
25.40 24.49
25.70 24.
25.80 25.

.." .... ....,...,.".".,." ."...

;fi2i 1$f 25.

25.70 25.
25.95 25.
26.20 25.
26.05 25.
25.55 :t:iij Mt::::

25.00 25.
24.75 25.
24.55 25.

:r::j;. t 25.

::::::i *Mj'J 24.
23.40 24.

22.95 23.
22.65 mtj iir::

22.40 23.

22.20 22.
21.80 22.
21.60 22.
21.80 22.
21.80 21.

....,.'..,.,....,..

21.65 tt

30 day ave

24.

24.
24.
24.
24.
24.

:::r ,Wj:t::
24.

24.

24.
24.
24.
24.

.".".............""""... '.......

:::r";'l:t::
24.
24.
24.
24.
24.
24.

24.

24.

...... ........,..,,..,'..'.,....,.....

t::: 71:::t
24.
24.
25.
25.
25.
25.

25.

"'.

:::::::II;a:::::::

24.9'3

24.
24.
24.
24.
24.
24.

,...'.........,.,.,........,.',.......

W::::!!mJ/t
24.
24.

2800

1615
1611

1921

2678
1613
1444
1546

1197

1457
1989

1705
1750
2646
2558
2301

2800
2386
2498
3220

2716

2882
3070
1852
1890

2817
2016
2445
3976

6702

7835

9382
4358
3382
2478
2811

3850
3304
3550
3441

3804

S D Werren BOD5 (lb/day)

Doy 2davavo

tJii Qm:m

7 day avo

2190

2208 2162
1613 2018
1766 2048
2300 2132
2146 2033
1529 1955
1495 1775

t:::aj'izwm: 171 6

1327 1694
1723 1703

..,.......".,..",

1847 rrl$Qrr
1728 1584
2198 1756
2602 1900
2430 2058
2551 2250
2593 2307
2442 2420
2859 2630

.., .... , ".....,........ ....::)::~~~

$tt 2640

2799 2686
2976 2796
2461 2661

1871 2590

......,...........

2354 \\'iijijrr
2417 2463
2231 2425
3211 2581

t); Jm 3100

:t" t\ 3954

8609
6870
3870
2930
2645
3331

3577
3427
3496
3623

5025
5245

t:t$mmtJ
5445
5278
4871

4224
3390
3259

:r/

~~~

9:/:::

30 day avc

2234

2234
2240
2249
2273
2261

.._ ",........"""''''''.,. '...

::t::iiiitt
2224

2204

2193
2198
2193
2158

""""""''''''...................,

::::tg1: t:,

2131

2132
2126
2091

2093
2115

2129

2127

""""'"""""""""""""'"')(..

:l!Rt)
2159
2162
2169
2179
2191

2247

2403

"""'. ",,,,,,,,,....."",,'.....,..,.".,.., .""...,::'

/::t !W::t:

2830
2922
2970
2964
3004
3084
3142

::I:::iig;

:::

:t'

3287
3348



Presumpscot River Data

1995

.... ... .. .....

$;jt:
Do Avo

Dissolved oxygen (ppm)

Avcin 00

Sep 6.
Sep 5.

,.,.,.,.

g,.,.,. 6.

r:!:m;5rr 6.
10-Sep 6.
11-Sep 
12-Sep 7.
13-Sep 7.
14-Sep 7.
1 5-Sep 7.

J.g' 7.

rMbi ij~:::: 7.
18-Sep 7.
19-5ep 7.
20-Sep 7.4
21-Sep 7.

..................

):ji $.ijij' 7 . 1

23-Sep 7.4

............",-......................

f:!! Bj: 7.
25-Sep 

)i';$ pt 
~:mw.m m'~ 8.

28-Sep 8.
29-Sep 8.

...................,.. ........".......

nj,jm$ M:: 8.

2 day avo

,......,

)/tttP"'

7.45

rtt#

:::):

7.45

.................."""' """ '''..... .......... . .....,... .. .....::::::::;" '" ..:. ::::::;:

7 day avo

............. ......................

ffmt llrt

7.43

............... ...

t':'w

~~~

:tr

30 day avo

80 0.
74 0.64 1.7060 0.40

... ...........::::::::::~~~~

::rr 0.

56 0.
56 0.
58 0.
62 0.
66 0.
69 0.

0.40

.........................................................

'RtIII
78 0.
81 0.
83 0.
85 0.
86 0.
89 0.

...................--..,-,...-........jj::!

!,r:j 1 .

03 0.
11 0.
18 0.
23 0.
25 0.

......................................

f:Waiit)) 0.

Ave 0.43
Ave.c 1

Median 0.40
Mode 0.40

Do Avo

21.7

21.9
21.9

21.5
20.
20.4
19.

19.

20.
20.4

19.

19.

19.

18.

17.

18.4
18.

17.

16.

16.
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Presumpscot River Data

Dissolved oxygen (ppm)
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Presumpscot River Data

Dissolved oxygen (ppm)
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Presumpscot River Data Day Runs
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Appendix C
SDW Relicensing Work Plan



1996 WORK PLAN FOR S.D. WARREN
WASTE DISCHARGE LICENSE RENEWAL

SCHEDULE OF ACTION ITEMS

1) May 3 , 1996 - The Department shall issue a draft Order for public comment regarding the
establishment of a fonnal thennal mixing zone.

2) June 1 , 1996 - The Deparent shall issue a fmal Order establishing a thennal miing zone.

3) June 30, 1996 - SDW shall submit the results of the historical records search requested by
the Department to detennne what species and numbers of fish may have been or are now
present in the segment of the Presumpscot River below the mill.

4) July 1 , 1996 - S.D. Waren Company (SDW) shall submit a proposal for seasonal monthly
average and daily maxium BODs license limits based on a reduction in BODs to the mill'
waste water treatment facility.

5) July 30 , 1996 - SDW shall submit a copy of the final secondary clarifer study which shall
include a proposal for year-round monthly average and daily maximum license limits for
TSS.

6) October 1, 1996 - The Deparment and SDW shall jointly develop a new temperatue vs.
minimum flow cure based on the new BODs license limitations.

7) November 1 , 1996 - SDW shall submit a copy of the 1996 macro-invertebrate study of the
Presumpscot River conducted by SDW.

8) November 1, 1996 - The Department shall establish a minimum flow cap forthe
Presumpscot River under low lake level conditions as well as effuent license limits
associated with th-e flow cap. 

9) November 15 , 1996 - The Department shall make a determination whether the proposed
TS S limitations wil improve conditions in the receiving waters to a point that, within the
five year tenn of the license , Class C aquatic life standards wil liely beomet.

. I

10) November 30, 1996 - The Department shall issue a draft waste discharge license for public
comment.

11) December 31 , 1996 - The Deparment shall issue a final waste discharge license document.

L\;



1996 WORK PLAN FOR S.D. WARREN
WASTE DISCHARGE LICENSE RENEWAL

SCHEDULE OF ACTION ITEMS

1) May 3, 1996 - The Department shall issue a draft Order for public comment regarding the
establishment of a formal thermal mixing zone.

2) June 1, 1996 - The Deparent shall issue a fInal Order establishing a thermal mixing zone.

3) June 30, 1996 - SDW shall submit the results of the historical records search requested by
the Department to determne what species and numbers of fIsh may have been or are now
present in the segment of the Presumpscot River below the mill.

4) July 1 , 1996 - S.D. Waren Company (SDW) shall submit a proposal for seasonal monthly
average and daily maxium BODS license limits based on a reduction in BODs to the mill'
waste water treatment facility.

5) July 30, 1996 - SDW shall submit a copy of the fInal secondary clarifer study which shall
include a proposal for year-round monthly average and daily maximum license limits for
TSS.

6) October 1 , 1996 - The Deparment and SDW shall jointly develop a new temperatue vs.
minimum flow cure based on the new BODS license limitations.

7) November 1 , 1996 - SDW shall submit a copy of the 1996 macro-invertebrate study of the
Presumpscot River conducted by SDW.

8) November 1, 1996 - The Department shall establish a minimum flow cap for the
Presumpscot River under low lake level conditions as well as effluent license limits
associated with the flow cap.

9) November 15 , 1996 - The Department shall make a determination whether the proposed
TSS limitations wil improve conditions in the receiving waters to a point that, within the
fIve year term of the license, Class C aquatic life standards wi1liely b met.

10) November 30, 1996 - The Department shall issue a draft waste discharge license for public
comment.

11) December 31 , 1996 - The Deparment shall issue a final waste discharge license document.
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Appendix D
Sebago Lake Management Plan



STATE OF MAINE

August 1 996

Lois D. Cashell, Secretar 
Federal Energy Regulatory Commssion
Hydropower Licensing Office
Room 1A
888 First Street, N.
Washington, DC 20426

RE: SEBAGO LAKE WATER LEVELS
EEL WEIR HYDROELECTRIC PROJECT
FERC No. 2984-025

Dear Secretar Cashell:

The Maine Deparments of Conservation , Environmental Protection , and Inland Fisheries
Wildlie are pleased to report that an agreement has been reached by all parties 

on acompromise water level management plan for Sebago Lake.

As we reported to you in our April 22 , 1996 comment letter, the State had developed a
compromise plan that had been accepted by a number of interested 

pares. Thiscompromise plan was developed in response to FERC's March 1996 Draft Environmental
Impact Statement (DEIS), which recommended as the preferred lake level management
plan an alternative developed by the FERC staff. We also reported that we were
contiuing to consult with other paries to gai their support for the plan.

We have now completed our consultation. The result of this effort is that
, at a meetingheld on August 12, all pares present accepted a revised plan. A list of attendees andtheir affilation is attached. The revised plan has been accepted by the Portand Water

Distrct and Friends of Sebago Lake, as well as by the pares that had accepted the earlier
compromise plan (S.D. Waren, Sebago Lake Anglers Association , Sebago Lake BoatigClub, Sebago Lake Landowners and Users Coaltion, Sebago Lake Maras AssociationMaie Mare Trades Association , Maie State Bass Federation , and Frye Island
Corporation). We have asked all pares to communicate their support for the revised
plan directly to you. 
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Letter to Lois D. Cashell

FERC No. 2984-025
August 16, 1996
Page 2

Attached are a description and graph of the revised water level management plan , along
with a revised statement of operating parameters for adusting flow releases from the lake.
These documents show the revisions to the State s April 22 filng in an add and stre
fonnat.

The revisions to the April 22 plan and operating parameters have been made to address
concerns expressed by several paries about the need to maintain the historic range of lake
level fluctuations , to periodically reach a critical miimum level prior to ice- , to
maintain water qualty, and to make the plan more workable. Most significant among
these revisions is the requirement that water levels wil be managed to achieve a target
level of 261.0 ft (MSL) or lower in two out of every nine years sometime between
November 1 and Januar 1. This requirement wil approximate the historic 25th
percentie low water level for the period and wil encourage a retur to historic rates of
sand accretion at beaches around the lake.

, '

We believe that the revised plan meets the five priorities we established in 1995 to guide
. our development of a water level plan that would stre an appropriate balance among the
competing uses of the lake. First, the time that the lake is at or above spilway crest level
should be limited to minimize shoreline erosion and water qualty impacts from high
water. Second , the lake should reach a critical minimum level in the fal, to alow for
sand accretion at beaches and other shoreline areas as the lake rises in the winter and
spring. Third , water levels should be managed prior to ice out in the spring to lit the
erosional effects of ice scouring of the shoreline. Fourh , water levels should be managed
to maintain some useable beach areas during the summer and to maintain some water for
recreational boating durng the fall. And fifth, water quality should be maitaied and
protected in the lake and the downstream Presumpscot River.

We recommend that FERC adopt the revised compromise State water level plan in
the Final EIS as the preferred management plan for Sebago, Lake. We believe that
this plan represents the best balance between the competing interests on the lake and
is the only plan that wil be deemed acceptable by all parties.

We also continue to recommend that a revised minimum flow release curve being
developed by DEP be implemented to meet water quality standards in the lower
Presumpscot River. Please review our April 22, 1996 comments for more inonnation.

Finaly, we believe that it is appropriate to monitor the long-term impacts of ths
management plan on the lake s resources and historic median water levels. However, we
also understad that consultation and studies to support relicensing oithe Eel Weir
Project wil begin shorty, and that it is important that any studies undertaken now be of
value in the relicensing process.
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Letter to Lois D. Cashell
FERC No. 2984-025
August 16, 1996
Page' 3

Therefore, we intend to establish a steering committee to discuss and prioritize
monitoring requirements and study needs with respect to the impacts of water level
management on the quality and resources of Sebago Lake. The committee wil be
chaired by DEP and wil include representatives from S.D. Warren and all other
interested parties. We expect the commttee to meet at least annually to review water
level management and studies during the previous year and discuss future monitoring
issues and plans. We plan to invite the PERC staff to paricipate in this effort.

We appreciate PERC's wilingness to allow us the time that has been needed to bring the
pares together on this important issue. Please direct any questions you have regarding
these comments to Dana Murch of the DEP at 207-287-3901 or Bob Marinney of the
Maie Geological Surey at 207-287-2801. 

Sincerely,

dward O. S I an, Commssioner
Deparment of Environmental Protection'

Deparment of-Conservation

oner
Deparment of Inand Fisheries & Wildlife

c\sebag034
Attchments

cc: FERC Review Coordinating Commttee
Service List



NAME

SEBAGO LAKE WATER LEVEL MEETING

MONDAY , AUGUST 12 , 1996

GOVERNOR' S CABINET ROOM
STATE HOUSE , AUGUSTA , MAINE

ATTENDANCE LIST

AFIATION

Ned Sullivan
Ronald Lovaglio

Robert Marinney
Matt Scott
Philippe Boissonneault

Dana Perkins
Vie Richards
Bob Smith
Charlie Frechette
Brooke Smith

Steve Nicoli

Bob Calileo
Bob Hennick
Jim Katsiafcas

Steve Kasprzak
Bar Timson

Gerald Cole
Tom Howard
Willam Foley
Dana Murch

c\attend

Deparment of Environmental Protection
Deparment of Conservation
Maine Geological Surey (State Geologist)
Deparment of Inland Fisheries & Wildlife
Portand Water Distrct

Portand Water Distrct

Frye Island Corporation
Sebago Lake Anglers Association
Sebago Lake Marnas Association
Sebago Boating Club
Sebago Lake Landowners & Users Coalition
Sebago Haron Shores Association
Sebago Pines Property Owners Association
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COMPROMISE ST ATE WATER LEVEL PLAN
FOR SEBAGO LAKE

April 19 , 1996
Revised August 12, 1996

Whenever possible, the lake shall be managed durng spring fill-up to reach a
target level of 266.65 ft (spilway crest) no sooner than May 1 and no later than
the second week in June. The allowable taget range within this period is plus or
minus 6inches (267. 15 ft - 266.05 ft).

Lake levels shall be maintained at or above spilway crest for no longer than three
weeks durng any year.

After spring fill-up, the lake shall be managed to achieve a target level of 265. 17 ft
(- 1.5 feet below spil way crest) on August 1.

Water levels above a line drawn from 266.65 ft on June 15 to 265.17 ft on August
1 shall trgger increased flows according to the State s proposed operating
parameters to move the lake back within the target range.

After August 1 , water levels shall be managed to reach a target level on November
1 of262.5 ft, plus or minus 6 inches , whenever possible. After August 1 , water
levels may remain at or below 265. 17 ft so long as the lake is managed to reach the
November 1 target ft level.

Lake levels below the target range between May 1 and November 1 shal trgger
miimum flow according to the State s proposed operatig parameters to move the
lake back within the target range.

After November 1, water levels wil be managed to achieve a target level of 261.
It or lower in two out of every nine years sometime between November 1 and
Januar 1. S.D. WaITen wil detennine the years in which to manage for the 261.
target level based on water levels and precipitation over the previous six months.

Durg the mid-October to mid-November salon spawnig season normal
operating flows wil be passed flows wil be capped at 60,000 CFM 0000 CFS)
unless the lake level is above the November 1 target range and is rising.

Between November 1 and the following May 1 , lake levels shal be managed as
appropriate by S.D. Waren based on precipitation , snow pack, energy needs and
other considerations , with the goal of reaching the spilway crest target level no
sooner than May 1 and no later than the second week in June. Whenever possible,
water levels shall be managed during this period to be no higher than a line drawn
from 263.5 ft on Januar 1 to 266.65 ft on May 1.

ebago28



OPERATING PARAMETERS FOR
SEBAGO LAKE LEVEL MAAGEMENT PLAN

April 19 , 1996
Revised August 12 1996

NORM FLOWS:

ABNORM FLOWS:

STAGE 1 FLOWS:

Minimum Flow:

Maximum Flow:

STAGE 2 FLOWS:

Minimum Flow:

Maximum Flow:

STAGE 3 FLOWS:

Minimum Flow:

Maximum Flow:

When lake levels are within the target range between May 
and November 1.

Flows may var between 20,000 CFM (333 CFS) and 50 000
CFM (833 CFS) and shall be adjusted to move the lake level
toward the appropriate target level at all times.

When the lake levels are outside the target range between
May 1 and November 1.

Flows shall be at the minimum (20 000 CFM or maximum
(50 000 CFM) for at least one week and the lake level shall be
outside the target range prior to adjusting to Stage 1 flows
except that flows shall be increased as necessar to prevent
water levels from reaching elevation 267. 15 Ff MSL 
inches above spilway crest) or being above spilway crest
(266.65 Ff MSL) for more than three weeks durng any year.

The flow required to maintain mandatory water quality
standards in the lower Presumpscot River, as detenned by
DEP.

Up to 100 000 CFM (1667 CFS).

Stage 1 flows must be maintained for two weeks and the lake
level is not moving toward the target range prior to adjusting
to Stage 2 flows.

Same as Stage 1 flows.

Up to 150 000 CFM (2500 CFS).

Stage 2 flows must be maintained for two weeks and the lake
level is not moving toward the target range prior to adjusting
to Stage 3 flows.

Same as Stage 1 flows.

Up to 210 000 CFM (3500 CFS).

The flows stated in Stage 1 or 2 or 3 may be adjusted at any time that the lake level is
moving toward the target range , but the lake level must contiue to move toward the
target range. Flows may be temporarly adjusted outside the range of flows required
above in the event of extreme meteorological events. equipment failure. approveq
maintenance activities. power supply emergencies public safety consiqerations. or by
order of local. state or federal authorities.c'iarametr -
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'1/ Letter to Thomas Howard
Januar 27 , 1998
Page 2

In accordance with the approved Sebago Lake Water Level Management
Plan (dated August 

1996), when lake levels are within the established
target range between May 

and November 1 , flows from Sebago Lake shall
be at least 333 cfsI20 000 cfm).

Further, in accordance with the approved Sebago Lake Water Level
Management Plan , when lake levels are below the established target range
between May and November l flowsfromSebago Lake shall be reducedto the minimumflow required to meet water quality standards in the lower
Presumpscot River. Except where emergency low lake level conditions
exist , as defined below , the minimumflow release from Sebago Lake shall
be 270 cfs f 16,200 cfm) or such higher flow as required by the DEP'
Temperature Based Flow Regulation Curve to meet water quality
standards.

For puroses of implementation of a cap on flow releases from Sebago
Lake

, "

emergency low lake level conditions
" shall exist when (a) the levelof Sebago Lake is 1 foot or more below its allowable target range between

May 1 and November 
1 and (b) flow releases from Sebago Lake have been

greater than 270 cfs f 16,200 clm) for at least 4 consecutive weeks in orderto maintain water quality in the river as required by DEP' Temperature
Based Flow Regulation Curve.

When emergency low lake level conditions
, as defined above exist onSebago Lake , flow releases from the lake shall be capped at 250 cfs f 15 000

cfm) for as long as these conditions exist. When either of the prerequisites
for emergency low lake levels ceases to exist, then the flow cap' shall nolonger be in effect , and shall not go back into effect until both
prerequisities for emergency low lake level conditions again exist.

Whenflow releases from Sebago Lake are capped at 250 cfs (15 000 cfm),effluent limits for the discharge of BODS from Waren
s Westbrook papermil shall be reduced as a function of river temperature in accordance with

the Allowable BODS Discharge Curve contained in 
the mill's waste

discharge license.

The requirementsfor a minimumflow release cap under 
emergency low

lake level conditions , as defined above , wil take effect when approved by
the Federal Energy Regulatory Commission.



Letter to Thomas Howard
Januar 27 1998
Page 3

A copy of the newly revised Temperature Based Flow Regulation Curve 

enclosed. Please note that 
the flow regulation curve 

is really two curves , one ofwhich establishes the instantaneous minimum flow needed to meet the
instantaneous dissolved oxygen standard of 5.

0 ppm , the other of whichestablished the 3D-day average minimum flow needed to meet the 3D-
day averageDO standard of 6.5 ppm (these are really running 3D-day averages), and that underthese curves , the flow required to meet DO standards under full discharge

conditions may be as high as 450 cfs.

A copy of the newly revised Allowable BOD5 Discharge Curve 

is also enclosed.Please note that, under the BOD5 discharge curve at the flow cap of 250 cfs
Waren s daily maximum BOD5 discharge does not become limited until the daily
average temperature, as recorded at the Smelt Hil Dam exceeds 23 degreesCelcius (73.4 degrees Fahenheit) Further please note that while Warenallowable BOD5 discharge declines to 3 900 lb/day at a river temperature of 26
degrees Ce1cius , Waren s BOD5 discharge must stil be controlled to meet therequired monthly average limit of3

565 I b/d ay between June 1 and September 30.

We wil be including our revised language on low lake level conditions and
minimum flow cap in our public notice draft of Waren

s waste discharge licenserenewal. Please let me know if you have any questions or suggestions for changes.

Dana Paul Murch
Dams & Hydro Supervisor

\sebag041.doc

cc: Ray Pepin
Bil Taylor

Jim Fitch
Gregg Wood
Paul Mitnik
Stuar Rose

Mickey Kuhns



Appendix E
TSS Calculations
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T
hank you for your review

 and cum
m

ents of both the Presum
pscot R

iver W
aste L

oad
A

llocation (M
itnik

! N
ov 1995) and m

em
orandum

s of A
pril 2 and 17

, 1996 (from
 P

aul
M

itllik to D
ana M

urch and G
reg W

ood). T
he m

em
orandum

s discuss and sum
m

arie
additional m

odel runs that w
ere undenaen this spring u

t
i
l
i
n
g
 
t
h
e
 
1
9
9
5
 sum

m
er data.

T
he very low

 flow
 conditions that w

ere encountere last sum
m

er served as useful
infonnation to test the m

udel developed in the w
aste load allocation. T

he four
param

eter m
onitor located above the Sm

elt H
i
l
 
d
a
m
 at head of tide collects dissolved

oxygen and tem
perature data continuously at the river

s D
. O

. sag point.. T
his data

together w
ith poim

 suurce D
M

R
 and river flow

 data w
as used to funher fm

e tune the
.nodel and im

prove: the accurdcy in hs prediction of river dissolved oxygen levels. . In
general, the analysis undertaken on tllis data indicated that the m

odel used in the w
aste

l
o
a
d
 
a
l
l
o
c
a
t
i
o
n
 
d
c
:
v
e
l
o
p
l
\
1
e
n
l
 
c
o
n
s
i
s
t

ntly predicted higher dissolved oxygen than w
hat

actuaH
y occurred at the m

onitor and 'hence the current T
M

D
L

 w
as not protective

enough 
of 

t
h
e
 
r
i
v
e
r
.
 
A
s
 
a
 
r
e
s
u
l
t, 35 additional verification runs w

ere undenaen w
ith

the appropriate adjustm
ents m

ade in: the m
odel.

T
his analysis goes above and beyond w

hat is typically done for a w
aste load allocation

and w
e believe it results in an very high quality m

odel for the Presum
pscot R

iver. 
the nea future, a supplem

enta repon w
il be w

rinen w
hich discusses this analysis and

the new
 flow

 vs tem
perature curves (FV

T
) that w

ere derived for the Presum
pscol

R
i
v
e
r
.
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 of the necessary inform
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ents that
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M
D
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i
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p
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b
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c
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r
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itted. In the interim
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m
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, 1

D. O. violations in lhe upper Presump icol River Develop TMDL - These were very
minor, but stil a.re justication for resticting any funher BOD loading to the river.
The supplemental repOJ1 wil probably reommend additional monitoring in the fmure
to detennine if the new management plan. ie. increased flows from Sebago Lae , solve
the problem. If not , a.dditional work may be warrnted, but it is uncenain if any
TMDL could be underten t.o improve water qualty here. Considering that this is
relatively pristine water from Sebago Lake it was a big surprise lhal fe'c1digS were lhis
low here. We would' want some additional infonnation to detennine the extent of rhe
problem before we commit to a large tie expenditure. It is possible thal the
Presumpscot River Watch . a volunteer monitorig group could agree do some of rhe
monitoring.

, )

Nonarcainmenr of aquactc life standrds Develop TMDL for solids - Action items 5

and 9 of the work plan address litis. It would be very difficult to develop a water
quality based 1MDL prior to these actons. Because the relationship between instream
TSS and aquatic life response is not well established , both technical achievabHity and
best professional judgement wil be utJlized to establish solids limits. Afer the waste
discharge license is issued i aquatic lie attanment / nonattilUnent wil have to be
revisite to verify originl estimates and adjusted , if necessary. This may require
scvera itef"c1tions and the nee for " repeners" in the license. This was acknowledged
by all partics at our Pebruary 26 meeng.

5 Mile Thermal Mixing ZOlle - We are also concerned about the size of this mixg
zone. High Sl1Spel1ded solids , low dissolved oxygen , hi h color , and high river
temperatures have collectively impaired the river below S.D. Warren s outfall. Action
item 3 may conf1l the presense or absense of indigenous fish species. The absense of
indigenous species would not necessaly infer temperature impacts, since other water
qualty factors presently affect those populations. This issue may have to be revisited
in the future. 

40 CFR 125. .3 Flow Augmenon Finding - No demonstration has yet been made that
flow augmentation is the environmental and economic alternative. This is paricularly
importnt when one considers the sensitive issue of water levels at Sebago Lae in the;

drought years. Action item 4 in the work plan specifcaly ires S. D. Warren to
propose lower licensed BOD Jimit.s than historica) limits. We expect that S D Warren
proposal wil be BOD numbers that ar in line with advanced tretmcIIt, thus limiting
the unnecessary waste of Sebago La water. It would be.difcult to justiy their
current Jicensed limits which aldy allow fOf a large safety buffer for BOD (since
acmal perfonnance records show that S D Warn is typicaly performing at 50 % of
their licensed load). CutTent licensed limits allow for an unnecessa wasting of water
from Sebago La.
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Proposed Clusrer Rules Effect UponWaler Quality This is a good poiot , but not

relevant unti the cluster rules are final. Keep in mind that the cluster roles cannot
currently be used to develop a TMDL. This question could be answered in the future.

Flow Augmenrarion During Drought Condittons - Action Item 8 of the work plan
indicates that the Depanment wil establish a flow cap to be used during low water
level conditions in Sebago Lake. Hence drought conditions wil be specifcaly def'med
as a water elevation of the lake. Water levels that initiate the cap, the river minimum
flow , and a TMDL under the flow cap wil all be a part of the flow cap action item.
We agree that a water budget should be undenaen to de\ennine the avaibility of lake
water. It is particularly importt that the final FVT curves developed for the river are
consistent with our goals for the lake. A water budget woul give a good indication as

to how often we can expcct to be in the flow cap, and the aehievabllty of the
management pla.

Flow A.ugmenraton Approach. - The flow augmentatiol1 wil be based upon licensed

loads. Since the new licensed BOD numbers should be !Signicantly lower than the
currnt numbers, the AprHmodeling effon generated a series of FVT curves at various
BOD loads to be used as a management tool. For the final modeling effoJ1, just one

FVT curve wil be used with a single BOD limit.

Did BOD Modeling Co fdered Temperarw'c Effecls? - Yes. 1;e temperature on the

lower Presumpscot was adjusted 1 oC higher than the upper Presumpscot. Ths Wa.9

the average temperature increase in the river observed during the intensive surveys that
also taks such factors as environmental coolig into effect:

If you have any further questions, they can be addressed to Paul Milnik of my staff al
207-287-6093.

. rely,

17 /I 

-- 

David L. Courtemaneh, PhD
Division of Environmental Assessment
Bureau of Land and Water Quality

cc: Maha Kirkpatrck, MBBP
Dana Murch , MBDEP
Paul Mitnik , MEDBP
Greg Wood , MEDEP
Raymond Pepin , SDW
Susan Beee, BFA
David Cochrane, EP 

Roger Janson, EPA
Mark Voorhees, BPA
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APPROVED CHAPTER

26' :- 12

STATE OF MAINE BY GOVERNOR
PUBLIC LAW

IN THE YEAR OF OUR LORD
NINETEEN HUNDRED AND NINETY -FIE

P. 328 - L. D. 909

An Act to Establish Temperature Limits for Certain Existing
Discharges

Emergency preamble. Whereas, Acts of the Legislature do notbecome effective until 90 days after adjournment unless enacted
as emergencies; and

Whereas, industrial dischargers may be affected by the
application of an existing temperature rule in June 1995 with
which, after application of best practicable treatment, they are
unable to comply; and

Whereas, in the jUdgment of the Legislature, these factscreate an emergency wi thin the meaning of the Constitution ofMaine and require the following legislation as immediately
necessary for the preservation of the public peace, health and
safety; now, therefore,
Be it enacted by the People of the State of Maine as follows:

Sec. 1. 38 MRSA 464, sub- 4, is enacted to read:I. Temperature limits for certain facilities
by the following provisions.

re vern

(1) Dischargers licensed by the department ?rior January 11, 1989 that raise the temperature of thereceiving water more than O. 5 when the receivingwater temperature is above F, as measured outside mixing zone, and that have demonstrated to the
satisfaction of the department that they are unable to

1410(3)



1/-,

-;.- 

, J

meet the standards in the existina temperature ruleafter application of bes oracticable t' :;a.t nt. limited to discharaina heat in an amount n t xceedinthe heat that has been disch..ed since Janu rY 1989. The quantity of heat discharg;d dur;na o 7-dayperiod may not exceed the maximum heat di_charaed inany 7-day period between Janu
11 198 9 and Janu11, 1995, The 7-day maxIm m uantl ty of discharaed must be used to establish ;h

Ucense effluent Umi that protects eXL
fng ;oThe amount of heat discharaed on any le ay ma n texceed 1. 15 ti es the maximum 7-day av ra e.

(2) The depart ent shall deVel
?i: in on iththe affected dIschargers, facI l ty-sP Clf lutlonsand, no later than January L 1996, a riaamendments to the 

license of aff :raersmust orQooseq, Until he f CiliLY- fiCsolutions are implemented. whic in ,,0 

:: 

I ay later than J nuarv 1. ltemperature are the cr rla est l he subparaaraph (1).

(3 ) This paragraph is repealed January 
1, 1999,

Emergency clause. In yiew of the emergencypreamble, this Act takes effect when approved. ci ted the

1410(3)
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Im
plem

entation of the Q
V

T
 C

urve

Im
plem

entation of the Q
V

T
 curve requires tracking of the running 30 day average for both flow

 (from
Sebago L

ake) and tem
perature (at the Sm

elt H
ill dam

 continuous m
onitor). In addition

, the daily flow
and m

id day tem
perature at the sam

e locations m
ust be tracked. E

ach analysis is done individually and
then the higher from

 each of the tw
o curves is utilized. It is recom

m
ended that the actual regulation of

flow
 be im

plem
ented so that a bufer of safety is m

aintained
, i.e. the actual flow

 is slightly above the
r
e
q
u
i
r
e
d
 
f
l
o
w
.

Q
V

T
 Flow

 E
xam

ple
1. 

S
t
e
p
 
1
 

C
h
e
c
k
 
3
0
 
d
a
y
 
a
v
e
r
a
g
e
 
r
e
q
u
i
r
e
d
 
f
l
o
w

30 day average flow
 =

 350 cfs
30 day average tem

peratue =
 23 

Solution 
- From

 Q
V

T
 curve - R

equired flow
 =

 320 cfs - 30 cfs b
u
f
e
r
 
m
a
i
n
t
a
i
n
e
d

2
.
 
S
t
e
p
 

2
 
-
 C

heck daily average required flow
A

n extended heat w
ave is forecast for the next three days. M

i
d
 
d
a
y
 
t
e
m
p
 
=
 
2
5
 
o
c
.

Solution 
- It is anticiated that tem

peratue w
i
l
 
r
e
a
c
h
 
2
8
 
O
c
 
b
y
 
m
i
d
 
w
e
e
k
.
 
R
e
q
u
i
r
e
d
 
f
l
o
w
 
f
r
o
m
 Q

V
T

 curve
=

 380 cfs. From
 this analysis about 400 cfs should be passed w

hich w
ould still m

aintain a sm
all bufer.

A
bout 350 cfs w

ould be required for the 30 day curve but 400 cfs is needed for daily requirem
ents, so

400 cfs should be passed that w
eek. Since flow

 in the river w
il probably not be adjusted daily, it is

im
portat to m

aintain som
e m

argin of safety (M
aS) in the river for future uncertinty, ie changes in

w
eather. A

n acceptable M
aS could be rounding up required flow

s from
 the Q

V
T

 curve to the nearest 50
c
f
s
.
 
A
n
o
t
h
e
r
 
p
o
s
s
i
b
l
e
 M

aS
 could be if flow

 from
 the intervening drainage from

 Sebago Lae to
W

estbrook greatly exceeds the 30 cfs that w
as used in the w

ater quality m
odeling to derive the Q

V
T

c
u
r
v
e
.
 
T
h
e
 
R
o
y
a
l
 
R
i
v
e
r
 
g
a
g
e
 
c
o
u
l
d
 
b
e
 
u
s
e
d
 as a check to estim

ate flow
 from

 intervening drainage. 
flow

 here greatly exceed the 30 cfs an adequate buffer w
ould be m

aintained.
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