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Figure 16

Observed and Predicted Chlorophyll-a Profiles
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_ Figure 17

— _ Observed and Predicted Nitrate-Nitrogen Profiles
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lead to greater flow resistence, greater depths, and lower velocities;
the 1last two factors would, in turn, reduce reaeration rates calculated
using 0“Connor-Dobbins (1958) formula.

In general, alternative combinations of wetland export oxygen
demand concentration, overbank benthic demand, and overbank reaeration
rate reduction may give approximately the same oxygen profile
simulations for the various surveys and are thus indistinguishable based
upon existing data. The selected parameter combination emphasizes the
export component and is conservative for the simulation of diversion
impacts because the export component of the organic loading to each
model reach is dependent upon basin runoff and wetland area and is
independent of upstresm diversions (i.e., the organic matter from the
wetlands reaches the river and is oxidized, regardless of upstream
diversion or river elevation), whereas the overbank loading and
reaeration mechanisms would be somewhat sensitive to diversions and
elevations. Additional field studies and intensive monitoring would be
required to develop an adequate data base for detailed discrimination
among potential wetland impact mechsnisms. Existing data support a
conservative analysis based primarily upon export relationships of the
type routinely used in modeling other types of land use/water quality
relationships (Omernik, 1977, Meta Systems, 1982).

The wetland export model is based primarily upon a mass balance
wvhich relates the benthic oxygen demand and sources of organic nitrogen
and organic phosphorus in each model reach to the tributary wetland
drainage areas using a model of the following form:

Lij = R Avj Cwi

where,
Lij = loading of component i into reach j (g/sec)
R = basin unit discharge (cms/km2)
Avj = wetland area tributary to reach j (km2)
Cvi = concentration of component i in wetland drainage (g/m3)

The model 1is consistent with higher wetland loadings during periods of
higher unit discharge (R) and in segments with larger areas of tributary
wetlands. Since the average export concentrations (Cwi) are calibrated,
they implicity include any bias attributed to differences in unit
discharge (R) between wetland and upland drainage areas in the basin.,
Impacts on benthic demands are estimated by dividing the wetland
loadings by the water surface area within each reach.

The estimation of wetland export concentrations has been guided, in
part, based upon reasonable values for the nutrient contents of plant
detritus and measured values of productivity and detritus export in
other wetland systems. The total oxygen demand export of 125 mg/liter
(120 mg/liter expressed as as benthic demand and 5 mg/liter as suspended
BOD-U) corresponds roughly to 117 mg/liter of organic matter (assuming
that the organic matter has the oxidation state of carbohydrate or
CH20). The export organic nitrogen and organic phosphorus
concentrations of 3.5 mg/l and .5 mg/l correspond to detritus
compositions of 3% nitrogen and .4X phosphorus, respectively, which are
within the ranges of weasurements for aquatic plants (Mackenthun, 1968).

At the average annual unit discharge of .016 cms/km2, the oxygen
demand export concentration 125 mg/liter corresponds to an average



annual export of 2 g/km2-sec, .17 g/m2-day, or .63 metric tons/hectare-
year. In contrast, estimates of snnual net primary productivity for
freshwater macrophytes on fertile sites in temperature regions range
from 30 to 45 tons/hectare-year for emergent species and from 1 to 7
metric toms/hectare-year for submersed species (Wetzel, 1975). The
above oxygen demand export corresponds to only 1.3-2.1 percent of the
productivity range for emergent species. The net productivity numbers
reflect the potential biomass generated within adjacent wetlands; only a
fraction of this biomass would be exported and exert an oxygen demand on
the receiving water body; the remainder would (a) accumulate in place;
(b) be decomposed in place; (c) accumulate in the receiving water as
undecomposed organic sediment; or (d) be flushed downstream without
decomposition (De la Cruz, 1978). Direct measurements of actual organic
matter export from freshwater wetland systems are not readily available
in the literature. Detritus exports of 3.4 tons/hectare-year were
reported by De 1la Cruz (1965) for a Georgia salt marsh and 3.6
tons/hectare-year were reported by Heald (1969) for a mangrove estuary.,
Indirect export estimates from other wetland systems range from 0 to
50Z of the annual net, above-ground primary productivity (De la Cruz,
1978). Thus, the calibrated export oxygen demand concentration of 125
mg/liter or equivalent annual export of .63 tons/ha-year is feasible in
relation to literature values of wetland organic matter production and
expott .

A channel benthic BOD source of 4 g/m2-day has been included in
Reach 6 (Sherman Bridge to Route 117) to account for increases in BOD
concentrations between these locations, particularly during the 1low-
flow, August 1973 survey. This increase may be attributed to
unidentified point sources, sloughing of organics from benthic plants,
or to wetland interactions not considered in the above export model.

The model includes a provision for simulating the effects of dam
reaeration on oxygen levels. This option has been used for MDC#1l (RRM
58.5) for a small dam near th: .izss Fike (53.3). Comparisons of data
from above Saxonville Dam (RV': 51.2) and Elm Street (RKM 50.1) during
the August 1973 and June 1979 indicated no increases in average oxygen
concentrations, despite the considerable elevation drop over this short
section (approximately 7 meters). Effects of intervening unmonitored
sources, channelization for flood control, and/or diversions around the
dam spillway may account for the apparent lack of reaeration in this
section., Reasonable calibration to the oxygen profiles in this section
wvas achieved without accounting for dam reaeration, although this has
little effect on oxygen simulations below Pelham Island Road (RKM 42.3).

After calibration of the mean oxygen profile, benthic
photosynthesis and respiration rates have been adjusted within
reasonable ranges (Zison et al., 1978, Wetzel, 1975) to fit the observed
daily minimum oxygen profiles. These rates reflect productivity by
rooted aquatic plants, floating aquatic plants, periphyton, and aufwuchs
communities. For lack of a better assumption, photosynthesis and
respiration by these communities are assumed to be im balance under
normal conditions; thus, the calibrated rates influence only the diel
fluctuations of oxygen and not the daily mean values. Any impacts of
the aquatic plant communities on the mean oxygen concentrations are
implicit in the calibration of the net benthic demands discussed above.
Calibrated photosynthesis and respiration rates range from 1.5 g/m2-day
to 10 g/m2-day in the various reaches; the highest value is Fairhaven
Bay, where aquatic plants are relatively abundant. A rate of 4 g/m2-day
has been used for overbank areas to reflect productivity in the wetlands
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and shallow marginal waters during flooded periods.

Observed and predicted mean and minimum oxygen concentrations for
each of the three surveys are compared in Figures 18 and 19,
respectively. The model calibration is based upon data from the summer
low-flow survey of August 1973 and the late-spring flood survey of June
1979. Simulations of the summer flood (July 1973) employ the same set
of model parameters, with the exception that all benthic photosynthesis
is inhibited; this is consistent with our "working understanding™ of the
response of the plant community to extreme summer floods, as described
in the previous section.

Replicate data from one survey (June 1979) are available for
calibration of the fecal coliform sub-model. This has involved
adjustment of the effective decay rate and source concentrations in the
Framingham area to match observed and predicted profiles, as shown in
Figure 20. The calibrated decay rate (1.6/day) is within the range of
literature values cited by Zison et al. (1978). The calibrated local
drainage concentrations in the Framingham area (1000 - 5000
organisms/100 ml) probably reflect urbam non-point sources. As
indicated in Figure 20, observed fecal coliform 1levels are highly
variable in the Billerica area (below river kilometer 13) and may also
reflect urban impacts.

The calibrated model reproduces observed profiles with with
reasonable accuracy and thus represents a useful tool for assessing
impacts of diversions on downstream water quality. One limitation is
that data from only one-low flow survey (August 1973) are available for
model calibration and testing. It is possible that the wetland flooding
event experienced in July of that year and/or effects of poorly
quantified sewage loadings from a leaking pumping station in Framingham
could have had residual effects on oxygen profiles measured during
August. Summer oxygen profiles during low-flow periods which are not
preceded by wetland flooding events may show higher concentrations and
fewer violations of the 5 mg/liter criterion, Because of these
considerations, the calibrated model may provide & conservative
assessment of baseline comditions and diversion impacts with respect to
dissolved oxygen. Additional surveys would be required to test this
possibility. Another limitation is the 1lack of low-flow data for
testing the fecal coliform model. Impact assessments indicate, however,
that diversion strategies are more likely to be limited by dissolved
oxygen impacts than by fecal coliform or chlorophyll-a impacts. Results
of the simulations are summarized in Tables 7,8, and 9 and discussed in
the main body of this report.
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Figure 18

Observed and Predicted Daily—~Mean Dissolved Oxygen Profiles
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Observed and Predicted Daily-Minimum Dissolved Oxygen Profiles
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Figure 19

August 1973: Min Dissolved Oxygen (g/m3)
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Figure 20

Observed and Predicted Fecal Coliforn Profile
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Table 7
Results of Water Quality Impact Simulations

Base Total Flows  —=——-=- DISSOLVED OXYGEN —---—- Max Max Fecal
Flow Diver. Dam#l Talbot Daily Mean Daily Mininum Chl-a Coliforms
cms/km2 mgd cms  cms  Min RKM<5 RKM<2 Min  RKM<S5 RKM<2 mg/m3 (#/100ml)

.0033 0. .64 3.34 4.3 10.7 0. 3.4 18.9 0. 37.2 262
.0033 6. .37 3.07 3.9 11.9 0. 3.0 20.1 0. 38.9 352
.0033 12, 10 2.80 3.5 12.7 0. 2.7 28.8 0. 40.3 477
.0106 0. 2.06 10.54 3.5 13.9 0. 2.2 20.0 O0. 30.1 377
.0106 12, 1.52 10.00 3.2 1l4.6- 0. 1.9 19.7 2.4 31.6 437
.0106  20. 1.16 9.64 2.9 15.0 0. 1.6 19.3 5.2 32.2 493
.0200 0. 3.8819.84 3.6 19.2 0. 2.3 33.0 0. 16.9 429
.0200 12, 3.3419.30 3.5 19.6 0. 2.1 33.0 0. 17.6 463
.0200 20. 2.98 18.94 3.4 20.0 0. 2.0 33.0 0.4 18.1 490
.0200  40. 2.08 18.04 3.1 21.2 0. 1.7 27.9 8.7 19.5 576

Temperature = 20 degrees C e

.0033 0. .64 3.34 5.5 0. 0. 5.0 0.8 0. 28.4 291
.0033 6. .37 3.07 5.4 0. 0. 4.9 6.4 0. 29.1 398
.0033 12. .10 2.80 5.3 0. 0. 4.8 9.6 0. 30.2 557
.0106 0. 2.06 10.54 5.2 0. 0. 4.3 10.7 0. 14.3 414
.0106 12. 1.52 10.00 4.9 2.4 0. 4.0 11.2 0. 15.6 481
.0106  20. 1.16 9.64 4.6 6.4 0. 3.8 12.4 0. 16.4 542
.0200 0. 3.8819.84 5.5 0. 0. 4.5 12.3 0. 6.9 468
.0200 12, 3.34 19.30 5.4 0. 0. 4.3 12,7 0. 7.2 506
.0200 20. 2.98 18.94 5.3 0. 0. 4.2 13.5 0. 7.4 536
.0200 . 40. 2.08 18.04 5.0 O. 0. 3.9 15.8 0. 8.0 630

, mmTmmmme————em————— e Temperature = 17 degrees C -

.0033 0. .64 3.34 6.3 O. 0. 5.8 0. 0. 19.7 305
.0033 6. .37 3.07 6.1 O. 0. 5.7 0. 0. 20.6 420
.0033 12. .10 2.80 6.0 0. 0. 5.6 0. 0. 20.7 596
.0106 0. 2.06 10.54 6.2 0. 0. 5.4 0. 0. 7.7 432
.0106 12. 1.52 10.00 5.9 O. 0. 5.1 0. 0. 8.2 503
.0106 20. 1.16 9.64 5.6 O. 0. 4.9 3.6 0. 8.6 567
.0200 ‘0. 3.8819.84 6.5 0. 0. 5.5 0. 0. 4.6 487
.0200 12. 3.3419.30 6.3 O. 0. 5.4 0. 0. 4.7 527
.0200 20. 2.98 18.94 6.2 O. 0. 5.3 0. 0. 4.8 558
.0200 40. 2.08 18.04 6.0 O. 0. 5.0 0. 0. 5.0 658

(Continued)



) Table 7
Results ot Water yuality Impact Simulations (Continued)

Base Total Flows - -—-————= DISSOLVED OXYGEN ———-—- Max  Max Fecal
Flow Diver. Dami#l Talbot Daily Mean Daily Minsiuum Chl-g goliforms
cms/km2 mgd cmg  cms  Min RKM<5 RKM<2 Min  RKM<5 RKM<2 mg/m3 (#/100ml)
- - -—— Temperature = 14 degrees C et
.0106 0. 2.06 10.54 7.1 0. 0. 6.5 0. 0. 4.4 451
.0106  20. 1.16 9.64 6.6 O, 0. 6.0 0. 0. 4.7 592
.0106 40, 0.26 8.74 5.8 0. 0. 5.2 0. 0. 5.3 852
.0200 0. 3.8819.84 7.4 0. 0. 6.6 0. 0. 3.5 505
.0200 20. 2.98 18.94 7.2 O. 0. 6.4 0. 0. 3.6 580
.0200 40. 2.08 18.04 7.0 O. 0. 6.2 0. 0. 3.7 685

/

----------- Temperature = 26 degrees C, No Plant Photosynthesis * ——————————m

.0200 0. 3.8819.84 0.4 47.9 13.6 0.2 47.9 14.8 18.1 429
0200 12. 3.3419.30 0.3 47.9 14.8 0.1 47.9 .16.4 18.9 463
.0200 20. 2.98 18.94 0.3 47.9 16.0 0.1 47.9 18.0 19.6 497
.0200  40. 2.08 18.04 0.3 47.9 19.2 0.0 48.7 20.0 21.0 576

Notes:

All simulations assume plant photosynthesis/respiration =
June 79/August 73 = "normal" conditions, except *, which
assumes July 1973 conditions (summer flood)

Base Flows:
.0033 cms/km2
.0106 cms/km2
.0200 cms/km2

median august flow (HEC simulation)
median fall flow (HEC simulation)
late spring/early summer flow
(approx. equal to Junme 79 calibration)

RKM<5
RKM<2

total river length violating oxygen criterion of 5 g/m3
total river length violating oxygen criterion of 2 g/m3

Minimum dissolved oxygen concentrations generally located:
near Rte 20 for .0033 cms/km2 simulations
near Sherman Bridge for .0106 cms/km2 simulations
upstream of Rte 117 for .020 cms/km2 simulations

Maximum chlorophyll-a geﬁerally located below Assabet River
(see Table 3 for additional details)

Maximum Fecal Coliform levels located at Stone Bridge Road
(see Table 4 for additional details) -



Table 8

Summary of Simulated Chlorophyll-a Concentrations

River Kilometer: 48.3 36.0 30.5 9.5
Location: Stone Sherman Below Billerica Chl-a Maximum
Base Flow Diver. Bridge Bridge Fairhaven Water Intake Conc. Location*

(cms/km2) (mgd)

.0033 0 12.2 13.7 20.7 23.1 37.2 18.8
.0033 6 12.0 13.2 20.4 21.5 38.9 18.9
.0033 12 7.4 16.0 19.6 20.0 40.3 20.1
.0106 0 8.2 8.5 19.0 28.4 30.7 14.9
.0106 12 8.3 9.2 20.6 28.9 31.6 15.3
.0106 20 8.5 9.5 21.7 29.5 32.2 15.3
.0200 0 7.3 3.7 5.1 16.7 16.9 7.1
.0200 12 1.2 3.8 5.3 17.3 17.6 7.1
.0200 20 7.1 3.8 5.5 18.0 18.1 7.1
.0200 40 6.8 3.9 6.0 19.4 19.5 7.1

based upon 26 deg C simulations
concentrations in mg/m3
* river kilometer of maximum chlorophyll concentration



Table 9

Summary of Simulated Fecal Coliform Levels

River Kilometer: 48.3 42.8 36.0 . 30.5 9.5 Maximum
Location: Stone Pelham Sherman Below Billerica Fecal Count
Base Flow Diver. Bridge Island Bridge Fairhaven Water Count Loc.*
(cms/km2) (mgd) Road Road Road Bay Intake
.0033 0 250 - 37 6 <1 36 262 48.7
.0033 6 352 23 4 <1 34 352 48.3
.0033 12 477 9 1 <1 31 477 48.3
.0106 0 377 84 21 1 55 377 48.3
.0106 12 437 79 19 1 57 437 48,3
.0106 20 493 73 16 1 55 493 48.3
.0200 0 429 97 28 3 50 429 48.3
.0200 12 463 97 27 3 52 463 48.3
.0200 20 490 96 23 3 52 490 48.3
3 52 576 48.3

.0200 40 576 93 22

based upon 26 deg C simulations

fecal coliform counts in organisms/100 ml
* river kilometer of maximum fecal coliform concentration
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