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Table 1 Summary of Additional Model Verification Runs

1995 30 Day 1995 7 day 1995 2 day : 1994 Data
Monitor {| Model Monitor | Model Monitor | Model Monitor | Model
Date D.O. DO D.O. Diff Date D.O. DO D.O. Diff Date D.o. DO D.O. Diff Date D.O. DO D.O. Diff
1995 mg/l mg/l mg/l | 1995 mg/l mg/l mg/l | 1995 mg/l mg/l mg/l | 1994 mg/l mg/l mg/l
18-Jul 6.72 6.91 0.19 11-Jul 6.37 6.56 0.19 8-Jul 6.2 6.41 0.21 30 Day
25-Jul 6.76 6.9 0.14 | 17-Jul 6.7 6.74 0.04 17-Jul] 6.25 6.58 0.33 31-Jul 7.05 6.91 -0.14
1-Aug 6.86 6.97 0.11 6-Aug| 7.37 6.87 -0.5 26-Jul 6.8 6.76 -0.04 13-Aug 6.63 6.7 0.07
8-Aug 7.16 7.01 -0.15 20-Aug| 6.34 6.6 0.26 3-Aug 7.1 6.72 -0.38 20-Aug 6.74 6.74 0
17-Aug 7.22 6.96 -0.26 28-Aug| 6.13 6.52 0.39 16-Aug 6.3 6.56 0.26 30-Aug 6.84 6.91 0.07
25-Aug 7.02 6.82 -0.2 4-Sep| 7.21 7.12 -0.09 24-Aug| 6.65 6.38 -0.27 7 Day
2-Sep 6.85 6.72 -0.13 22-Sep| 7.26 7.44 0.18 | 25-Aug 6.2 6.34 0.14 24-Jul 6.99 6.57 -0.42
9-Sep 6.56 6.75 0.19 27-Sep| 7.63 7.69 0.06 5-Sep 7.1 6.87 -0.23 7-Aug 6.86 6.89 0.03
17-Sep 6.74 6.91 0.17 Ave| 0.066 16-Sep| 7.15 7.12 -0.03 15-Aug 6.11 6.65 0.54
24-Sep | 6.94 7.15 0.21 Ave Dev| 0.189 26-Sep 8 7.92 -0.08 31-Aug 7.13 7.1 -0.02
30-Sep | 7.28 7.36 0.08 : Ave| -0.009 2 Day
Ave| 0.032. Ave Dev| 0.195 24-Jul 6.4 6.28 -0.12
Ave Dev| 0.158 3-Aug 6.7 6.76 0.06
14-Aug 6.35 6.65 0.3
22-Aug 7.55 7.3 -0.25
31-Aug 6.85 7.01 0.16
1995 D.O. Diff 1994 D.O. Diff
Ave{ 0.027 Ave| 0.022
Ave Dev| 0.185 Ave Dev| 0.166
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Figure 2
Model Verification Runs
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Model Verification Runs
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Model Verification Runs

1994 30, 7, and 2 Day Average Data

T .
]
m]
T W
0 m
m ) 0 0
T 0
—+ H .
~ o ™~ ~ o) < N oo} o o) - o o)
~ 3] o o ~ 0 b2} o ~ @D o o0 o
N N N ™ o~ N o ™ N 2 N ~ M
o) o) 10 ) o) ) 10 5] 0 o) 0 ©0 o)
™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™
30 Day Ave 7 Day Ave 2 Day Ave

® Monitor D.O.

O Model DO




[S——

o]}

D.0. Adjustment

(ppm)

0.7
0.6
0.5
0.4
0.3
0.2

0.1

S

| Figure 5
Diurnal Adjustment of Model to Obtain
the Daily Minimum Dissolved Oxygen

16

River Mile

New

—T— 0Id




|
!
!

standards would occur for 1.3 miles and the dissolved oxygen would reach a daily minimum of 4.6 ppm
above the Smelt Hill dam (figure 6). A daily maximum BODS5 of 4200 Ib/day is necessary to meet both
class C and SC standards (figure 6).

The model simulation at 30q10 at current BODS5 loading conditions indicates that about 2 miles of the

. river would not meet the monthly average dissolved oxygen standard of 6.5 ppm, but would be within

0.6 ppm of attainment (figure 7). With the proposed loading reductions, the model simulation estimates
that about 1.2 miles of the river would not meet the monthly average dissolved oxygen standard of 6.5
ppm, but would be within 0.25 ppm of attainment (figure 7). A monthly average BODS of 2400 Ib/day
is necessary to meet monthly average dissolved oxygen standards. (figure 7).

The model runs at 270 cfs (7Q10) also indicate that about 8 miles of the Upper Presumpscot, including
the Little Falls, Mallison Falls, and Saccarappa dam impoundments fail to meet minimum class B
criteria, but are within 0.2 ppm of attaining standards in the first two impoundments-and 0.35 ppm in the
last impoundment. This is not a surprising finding since minor non attainment occurred in the 1993 data
in two of these three impoundments, and marginal compliance was also often observed. It is surprising
that the data taken in what most would consider relatively pristine waters would have moderately
depressed dissolved oxygen. Since a diurnal trend was evident here, the source of the dissolved oxygen
depression is believed to be respiration from bottom attached algae (which was also observed in these
impoundments).

It is unclear if the 1993 data was an anomaly and/or if the proposed Sebago Lake management plan will
improve water quality enough to meet standards. EPA has suggested in a letter (Steve Silva, USEPA,
letter to Dave Courtemanch, MDEP, June 1996) that a TMDL be developed here to bring the river into
compliance with D.O. standards. It is felt that the non attainment here is based upon limited data (unlike
the lower Presumpscot which has a continuous monitor) and both the data and model indicate that the non
attainment is minor and within measurement error. The large amount of effort required for a TMDL
here is not warranted at this time. The upper Presumpscot should be closely watched in the future, since
existing data may indicate the beginning of water quality problems from non point sources of pollution.
Additional data collection in the early morning hours (before 8 AM) is recommended and if non
attainment continues to occur, a TMDL should be implemented for non point sources.

When compliance with class SC estuarine dissolved oxygen standards of 70% of saturation are checked,
the model estimates that with current BOD loading from SDW, about 1.6 miles of the estuary would not
meet standards at low tide and 0.8 miles would not meet standards at high tide. Although the length of
the estuary in non attainment with standards is not significantly different when comparing the model
dissolved oxygen at current and proposed loading conditions, the estuary comes closer to attaining
standards with the reduced loads. At low tide, the estuary is within 0.2 ppm of attaining standards at
proposed loading conditions, compared with 0.5 ppm of attaining standards at current loading conditions
(figure 8). At high tide, the estuary is within 0.5 of attaining standards at proposed loading conditions
compared with 0.8 ppm of attaining standards at current loading conditions (figure 9).

In summary, although the proposed reduced loadings from SDW improve dissolved oxygen, some non
attainment of standards is still possible and additional measures are necessary. Both flow augmentation
from Sebago Lake and the proposed 45% reduction in summer BODS5 from S D Warren are the
alternatives agreed to by S D Warren and DEP to comply with dissolved oxygen standards. The water
quality model was used to derive a final temperature based flow augmentation (QVT) curve for the

11
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Westbrook was proposed by SDW as a guaranteed minimum flow The minimum flows guaranteed by S
D Warren Co. and agreed upon in a meeting in February of 1998 are 300 cfs for a 1Q10 and 7Q10 and
330 cfs for a 30Q10 at Westbrook. When adjusted downward for intervening drainage area in-between
Sebago Lake and Westbrook, 7Q10 and 30Q10 flows of 270 and 300 respectively result at Sebago Lake.
These flows or greater would be passed from Sebago Lake at all times, except when the flow cap is being
implemented during emergency low lake level situations in extreme drought conditions.

The model runs presented in this analysis initially assume no minimum guaranteed flow. The model
runs are made with all inputs constant except the temperature and boundary dissolved oxygen (93% of
saturation assumed) which are changed for each run and then held constant. The flow is then varied in a
trial and error process until dissolved oxygen standards are met. The runs are then plotted collectively in
a flow vs temperature format (figure 10).

The final QVT curve is one in which all dissolved oxygen standards are met in the lower Presumpscot
River and estuary (figure 11 and table 2) including minimum class C (5 ppm and 60% of saturation),
minimum class SC (70% of saturation), and monthly average C (6.5 ppm). In the final curve, a
minimum instantaneous flow of 270 cfs and 30 day average minimum flow of 300 cfs _.,38 Sebago Lake
are used when developing the curves.

A dissolved oxygen saturation value of 68% of saturation for a daily average was used as the target
dissolved oxygen level above the Smelt Hill dam which assures compliance of dissolved oxygen
standards everywhere in the lower Presumpscot River and estuary. This threshold level of D.O. was
determined in the final Waste Load Allocation Report (Nov 1995, p41). Note that temperature ceilings
of 26° C and 30° C were used in this analysis for the 30 day average and daily average, respectively.
These upper limits of temperature were derived from 16 years of record at the Smelt Hill dam continuous
monitor.

Table 2 Final QVT Curve

Temp Req. Flow (cfs) Sebago L
Min. Cand SC Ave C
16 270 300
18- 270 300
20 270 300
22 270 300
24 300 340
26 330 445
28 380
30 470

Implementation of the QVT curve requires tracking of the running 30 day average for both flow (from
Sebago Lake) and temperature (at the Smelt Hill dam continuous monitor). In addition, the daily average
flow and mid day temperature at the same locations must be tracked. Each analysis is done individually
and then the higher from each of the two curves is utilized. It is recommended that the actual regulation
of flow be implemented so that a buffer of safety is maintained, i.e. the actual flow is slightly above the
required flow.

16
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Figure 11
Final Temperature Based Flow Regulation Curve
For Presumpscot River*
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*Developed in Jan of 1998 using SDW proposed license BODS of 6780 and 3565 Ib/day, respectively for a daily maximum and monthly average. River design flows at Westbrook are 7q10 of 300 ofs and 30Q10 of 330 cfs, respectively.

Instantancous flow curve results in compliance of minimum class C (5 ppmand 60% satusation) and SC (70% saturation) D.O. standards. The 30 day ge flow curve results in compliance of the 30 day average D.O. standard (6.5 ppm).

Temperatures of 26 C and 30C assumed ceilings for daily and 30 day average river temperatures, respectively.



buffer.

About 350 cfs would be required for the 30 day curve but 400 cfs is needed for daily requirements, so
400 cfs should be passed that week. Since flow in the river will probably not be adjusted daily, it is
important to maintain some buffer in the river for future uncertainty, i.e. changes in weather.

Federal regulations require a MOS in TMDL development. An acceptable MOS could be rounding up
required flows from the QVT curve to the nearest 50 cfs. Some margin of safety is also realized due to
the fact that the intervening drainage adjustment of 30 cfs from Sebago Lake to Westbrook is based upon
10 year low flow conditions. Most of the time, the intervening flow will probably exceed this value
resulting in more flow at Westbrook than deduced by this analysis. The Royal River gage could be used
as a check to estimate flow from intervening drainage. If flow here greatly exceeds the 30 cfs an
adequate buffer would be maintained.

An important point to mention is that a buffer of .1 to .2 ppm for dissolved oxygen is automatically
maintained in the lower Presumpscot, since 68 % of saturation as a daily average is used to derive the
QVT curve (the 68% of saturation above the Smelt Hill Dam results in attainment of SC D.O. standards
in the estuary). Due to damage in the 1996 flood, the Smelt Hill dam is not used for hydropower
currently. - Therefore a MOS is automatically provided in the estuary, since dam reaeration is now
provided for 100% of the flow spilling over the Smelt Hill dam. With this spillage, dissolved oxygen
levels are actually significantly better in the estuary than model projections which assume hydropower is
still intact with no spillage. If the dam is refurbished in the future, spillage could be required in low
flow situations to maintain this MOS. s

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 standards after consideration of other alternatives such as advanced
treatment. It is believed that the public participation process involving stakeholders that developed the
Sebago Lake level management plan satisfies this requirement. This plan will become final when it is
approved by FERC, but in the interim S D Warren has agreed to follow the management plan
voluntarily. It has been assumed for state licensing that the required level of treatment for S D Warren
Co. with no flow augmentation (2400 and 4200 Ib/day BODS5 for monthly average and daily maximum,
respectively) would result in undue economic hardship, although no cost estimates for this have been
made. Thus a no flow augmentation alternative is not the preferred economic alternative. The Sebago
Lake flow management plan represents a balance amongst competing uses and it is concluded that it is
unlikely that significant environmental benefits could be gained without flow augmentation.

Flow Cap Runs

To assure adequate water levels in Sebago Lake in extreme drought conditions, a minimum flow of 250
cfs from Sebago Lake is required during emergency low lake level conditions. Emergency low lake level
conditions are defined as follows: When the level of Sebago Lake is one foot below its allowable target
range (see Sebago Lake management plan, appendix) between May 1 and November 1 and flow releases
from Sebago Lake 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 QVT curve.

19
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