June 7, 2001

To: 
David Van Wie, Brian Kavanah, David Courtemanch, Barry Mower, Dana Murch, Gregg Wood

From: 
Paul Mitnik

RE:
Modeling Results for Gulf Island Pond, Androscoggin River

I have completed the modeling that was requested at our meeting of April 20, 2001.  First I will summarize what I would recommend as minimum point source treatment requirements, regardless of which option is chosen.

( All paper mill discharges should not be licensed at greater than past demonstrated performance (PDP) for BOD and TSS.  PDP is defined as the 95% confidence interval of a log normal distribution based upon the past three years of discharge monitoring reports.

( Paper mill and the larger municipal total phosphorus (TP) discharges should be licensed as mass limits based upon concentrations of 0.5 and 1.0 ppm, respectively and an effluent flow consistent with performance of the past three years of discharge monitoring reports. 

( International Paper should be licensed at summer TSS at 12,000 and 23000 ppd for a monthly average and daily maximum, respectively 

The modeling report recommended that at a minimum, PDP be required on paper mill discharges for BOD and TSS, due to the fact that current license limits would result in a major non-compliance of class C DO criteria (28 mile segment).  

Phosphorus limits are needed to reduce both algae blooms and sediment oxygen demand in the pond.  The model predictions assume algae will be controlled to much lower levels than recorded in 1998 to 2000.  Without phosphorus controls, conditions not accounted for in the modeling such as extended periods of respiration under cloud cover or algae die-off could still result in DO non-attainment.  The modeling used actual effluent flows consistent with performance to derive mass based limits.  It is recommended that the requirements for mass TP limits be exempted for two small municipal discharges (Bethel and Gorham), due to their small contribution of phosphorus.  Instead, pollution prevention management is recommended for these discharges. 

 Note that a more stringent phosphorus treatment requirement was investigated for point sources; a 0.5 ppm for the larger municipal discharges and a 0.2 ppm for the mills.  Although this did result in improved dissolved oxygen in some of the deeper segments, the improvement was not enough to comply with class C dissolved oxygen criteria.  As a result, the overall percentage of the pond in non-attainment did not change from the less stringent TP requirement.  The stricter phosphorus requirement did result in some benefits for reduced algae levels measured as chlorophyll a.  The model predicts that a higher phosphorus limits (1.0 / 0.5 ppm) results in a peak chlorophyll a of 17 ppb and the lower phosphorus limits (0.5 / 0.2) result in a peak chlorophyll a of about 12 ppb.  Both are higher than what would be desirable for Gulf Island Pond.  For lakes, DEP considers chlorophyll a levels greater than 8 ppb as bloom conditions.   Consistently attaining levels of under 8 ppb for chlorophyll a may not be attainable without removal of some point source discharges.  The recommended phosphorus abatement would reduce the occurrence of algae blooms in Gulf Island Pond to an extent where they would be happening infrequently rather than regularly each summer.

International summer TSS requirement originates in the hydropower re-licensing of four dams that they own in the vicinity of the mill.  The summer discharge levels of TSS are needed to maintain class C aquatic life standards.  

The modeling results will now be summarized in a question and answer format.

1. What treatment levels are needed for point source discharges to attain class C DO criteria in Gulf Island Pond assuming current GIPOP injection rates, and the draft DO rule is adopted without any changes?  

The draft rule exempts areas of the pond hydraulically isolated by thermal stratification or that area below the thermocline (hypolimnion).  This results in model reach 43 being exempted from class C DO criteria, which is approximately 1 % of the volume of Gulf Island Pond. (For a diagram of model reach segmentation see attachment).  Predictions by the model indicate no level of treatment will result in compliance of DO criteria in all areas of the pond that are not isolated by thermal stratification (epilimnion).  The model prediction at zero discharge of point sources indicates that monthly average class C DO criteria of 6.5 ppm are not met in model reach 24 (6.2 ppm) and marginally attained in model reaches 30 and 36 (6.5 ppm and 6.8 ppm, respectively).  Potentially some very low level of discharge would also result in non-attainment in model segments 30, and 36, which are not exempted by the proposed rule.  The non-attainment in all reaches represents about 3% of the pond volume.

2. What treatment levels are needed for point source discharges to attain class C DO criteria in 95% of the volume of Gulf Island Pond, assuming current GIPOP injection rates?  

Class C DO criteria can be met in 95% of the volume of Gulf Island Pond if the following point source requirements are adopted:

( Reduce paper mill summer BOD and annual TSS by 30% from PDP.

( International Paper should be licensed at summer TSS at 12,000 and 23000 ppd for a monthly average and daily maximum, respectively 

( Implement mass phosphorus limits based upon actual effluent performance flow and concentrations of 0.5 and 1.0 ppm for paper mills and larger municipal discharges (Berlin, Rumford-Mexico, Livermore Falls), respectively.  Implement pollution prevention on smaller municipal discharges (Gorham, Bethel).

Note that the paper mills reductions of TSS and BOD can be allocated in many different ways, depending on policy decisions.  Two possible ways are investigated; reductions by an equal percentage and reductions by equal impact.  The first method just uses a reduction of 30% from PDP for all three paper mill discharges.  The second method consider the impact that each discharge has on the receiving water and allocates BOD and TSS so that each mill has an equal portion of the BOD and TSS loads entering Gulf Island Pond.  The river travel time and calibrated BOD reaction rates are used to determine how much of each mill discharge is assimilated between its outfall location and the entrance to Gulf Island Pond, and more importantly that fraction that is still remaining at the inlet.  A summary of the result of each allocation method and for all options investigated is included in the attached table.

3. Can DO criteria be met by altering the oxygenation rates at the current diffuser (GIPOP) location?

Assuming the proposed rule is adopted, it is deduced that no level of oxygen injection could be implemented to meet DO criteria everywhere in the epilimnion of Gulf Island Pond.  Compliance of DO criteria is difficult in the deepest reaches (24,30,36, 42) of the epilimnion, where mixing is typically lower than other portions of the pond.  The depth of these reaches ranges from 50 to 60 feet and distance downstream from the oxygen diffuser two to five miles. The current oxygen diffuser is at a 30-foot depth five miles upstream of the dam.  Mixing is difficult due to the fact that the oxygen bubbles from the diffuser rise rapidly and oxygen is needed in the downward direction.  The diffuser becomes less efficient as distance from it becomes larger.  The model sensitivity analysis shows little response of DO for increasing oxygen injection rates in these reaches (see figure 35, Modeling Report).

A DO compliance of 95% of the volume in Gulf Island Pond was also investigated using increased oxygen injection.  The model predicts that the BOD and TSS reductions of 30% (See #2) could be avoided by increasing oxygen injection rates by only 20%.   The following would be needed:

( License paper mill annual TSS and summer BOD at PDP.

( International Paper should be licensed at summer TSS at 12,000 and 23000 ppd for a monthly average and daily maximum, respectively 

( Implement mass phosphorus limits based upon actual effluent performance flow and concentrations of 0.5 and 1.0 ppm for paper mills and larger municipal discharges (Berlin, Rumford-Mexico, Livermore Falls), respectively.  Implement pollution prevention on smaller municipal discharges (Gorham, Bethel).

( Increase GIPOP maximum injection rate from 91,000 ppd to 110,000 ppd.

Note that the GIPOP personnel have said that the current diffuser is at its capacity.  A new diffuser could be investigated with a higher efficiency.  Technology has probably advanced significantly in the last ten years.

4. Assuming the draft DO rule is adopted without any changes, can DO criteria be met with multiple oxygen injection points?

Yes.  If a second oxygen diffuser is added at Lower Narrows (model reach 24), compliance can occur everywhere in the epilimnion.  Lower Narrows is two miles below the current diffuser location and three miles upstream of the dam.  It the logical choice for a second diffuser.  It is the beginning of the deeper DO non-attainment area in the poorer mixed reaches where compliance is difficult.  Oxygen injection directly in this area is the way to overcome this problem.  Lower Narrows is a second area of the pond similar to the current oxygen injection site at Upper Narrows where a constriction occurs (the width of the pond is reduced) compared to the rest of the pond.  Oxygen transfer across the entire width of the pond is easier in these constricted areas.  The oxygen requirements at the current location could be reduced considerably, due to the fact that only two miles of river (rather than five) need to be oxygenated before the next diffuser is encountered.  The overall injection of both diffusers collectively would only have to be 34% higher than current maximum injection rates.  The following would be necessary:

( License paper mill annual TSS and summer BOD at PDP.

( International Paper should be licensed at summer TSS at 12,000 and 23000 ppd for a monthly average and daily maximum, respectively 

( Implement mass phosphorus limits based upon actual effluent performance flow and concentrations of 0.5 and 1.0 ppm for paper mills and larger municipal discharges (Berlin, Rumford-Mexico, Livermore Falls), respectively.  Implement pollution prevention on smaller municipal discharges (Gorham, Bethel).

( Decrease GIPOP required maximum injection rate from 91,000 ppd to 36,000 ppd at Upper Narrows.

( Add a second oxygen injection system at Lower Narrows with a required maximum injection rate of 86,000 lb/day.

5. Is dredging of sediment a good option?

This is not recommended.  The modeling estimates that 86% of the sediment oxygen demand at Gulf Island Pond originates from current point and non-point sources.  Dredging would not be a one-time requirement, but would have to be repeated on a regular cycle, unless pollutants are also reduced.  There could also be other impacts such as a release of toxins (dioxin) to the environment that would have to be investigated.

