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Introduction

This memo is a follow up of an earlier memo (Analysis on Gulf Island Pond Data for the 1990’s in Consideration of Attainment / Non-attainment Status of Class C Dissolved Oxygen Standards, Dec. 29, 1997).  In the earlier memo, the summer continuous monitoring data taken at Gulf Island Dam from 1990 to 1997 was discussed together with the grab sample data taken weekly or sometimes twice per week at many locations in Gulf Island Pond the summers of 1992 to 1995.   Although the continuous monitoring data documents an improvement of about 1.5 ppm of dissolved oxygen at the dam as a result of the operation of Gulf Island Pond Oxygenation Project (GIPOP) and reduced paper mill discharges, non-attainment of standards still occurs.  More action is needed before the mill discharge licenses and hydro water quality certification for Gulf Island Dam can be approved.

We had planned a large summer sampling effort with International Paper, Meade, Crown Vantage, and CMP (GIPOP group) last summer in 1998 to address the non-attainment problem so that licenses could be issued in 1999 as the watershed based schedule dictates.  Unfortunately an usually large volume of rain that occurred last spring and early summer resulted in river flow conditions that were often fifty to one hundred percent above normal.  The planned sampling was scaled back considerably recognizing that low flow conditions approaching 7Q10 that we ordinarily seek would probably not be reached.  We have received some of the data that was sent to the HETL for laboratory analysis such as the nutrients and chlorophyll a.   This data together with the dissolved oxygen and temperature readings still resulted in some useful information despite the fact that we did not reach ideal sampling conditions.  For example, some non-attainment of dissolved oxygen standards still did occur and elevated chlorophyll a resulted (more on this later) despite the high flow.  Important information was also collected from a floating buoy system of continuous monitoring slightly above the dam as a check on the reliability of the historic data taken on the face of the dam.   

At a meeting held at DEP this fall, the GIPOP group was reluctant to continue the large sampling effort into the summer of 1999.  The DEP committed to attempting to make licensing decisions with existing data.  This memo summarizes the work that was undertaken since that meeting and results in recommendations, which if followed, could result in the issuance of waste discharge licenses for the paper mills and water quality certification for CMP’s hydropower facility at Gulf Island dam.

Continuous Monitoring Data

Continuous dissolved oxygen, temperature, pH, and conductivity data has historically been collected with monitoring equipment placed on the face of Gulf Island dam.  The occasional large fluctuations of dissolved oxygen diurnally over sometimes a very short time span has resulted in objective questioning of the data.  Were fluctuations of 1 to 3 ppm of D.O. in an hour, for example, representative of what was actually occurring in the majority of the impoundment above the dam or isolated to small poorly mixed areas?  The possibility of the historic location of the monitor being in a poor sampling location was pondered at one of the spring meeting with GIPOP personnel.   As a result, GIPOP proposed to set up a floating buoy system of monitoring attached to the security cable/buoys (which keep boats away from dam for safety considerations) several hundred feet above the dam.  When the floating buoy data is compared to the dam data, much more consistent readings result (see figure). 

 It was agreed by DEP and GIPOP at a meeting held Dec. 4, 1998 that the location utilizing floating buoys is more representative of overall impoundment conditions to monitor dissolved oxygen and temperature than the historic location attached to the dam.  In the future, the buoy location will be used as a replacement for the dam location.  Some of the daily minimum readings from the historic data may not be accurate, but the longer term averages such as daily or monthly average can still be used as a basis for determining the attainment / non attainment status of the pond.  In July of 1995, for example, the monthly average D.O. of 5.6 ppm (standards require 6.5 ppm for a monthly average) at a depth of 35 feet still indicates a need for further action to improve Gulf Island Pond to attainment status.

Gulf Island Pond Intensive Data (1992-1995; 1998) 

The DEP monitored Gulf Island Pond at a number of locations in an eight-mile segment from Turner Bridge to Gulf Island dam in the summers of 1992 to 1995.  The pond was typically sampled once to twice a week beginning in mid to late June and ending in early to mid September.  In 1998 this effort was continued in cooperation with GIPOP personnel.  The 1992 to 1995 effort was initiated to investigate the effectiveness of the oxygen diffuser (GIPOP) five miles upstream of the dam.   Typically the pond was monitored at nine locations with single day readings of dissolved oxygen and temperature at profiles in two-meter intervals from the water surface to the pond bottom.  The 1998 effort similarly utilized dissolved oxygen and temperature profile readings once per day but also included chlorophyll a and nutrient sampling at four locations and ultimate BOD at some locations.   The 1998 effort involved more frequent sampling that was often three times per week but did not begin until the beginning of August due to unusually high flow conditions in the Androscoggin River that summer.
The 1992 to 1995 data was used in the past to calculate the spatial extent of dissolved oxygen non attainment in Gulf Island Pond, i.e. the percentage of the volume of the pond that fails to meet class C minimum criteria of 5 ppm and 60% of saturation.  In this analysis the percentage of the pond that fails to meet D.O. criteria was calculated for a single day each summer with the lowest D.O. readings recorded that summer.  The percentage of the pond that did not meet criteria varied from a low of 4% in 1992 to a high of 16% in 1995.  Even though this shows that the pond has improved significantly from the pre-GIPOP era when the percentage of the pond in non-attainment of  D.O. criteria was often greater than 50%, the pond is still not in complete compliance of class C D.O. criteria, which is currently applied in 100% of the pond volume.  The non-attainment is usually limited to a deep portion of the impoundment from a depth of 30 to 70 feet in the lower three miles of this 15 mile impoundment (memorandum Paul Mitnik to Barry Mower , Maine DEP, September 29, 1995).  Since the worst D.O. non-attainment typically occurs in June to early July, it was concluded that an earlier start up of GIPOP rather than the current July 1 start up, could probably reduce some of the non-attainment.

This effort was recently expanded to include all of the intensive data from 1992 to 1995 and 1998.  The data was first plotted by year and then by Julian day (see figures – each data point indicates a discrete sampling event).  The latter of these plots indicate that the worst non-attainment occurs in June and early July.  D.O. readings taken in early summer are prior to the annual start up of the oxygen diffuser.  The non-attainment is usually gone by mid August due to diminishing water temperature.  Another factor which influences deeper pond dissolved oxygen readings is how the inlet water temperature compares to deeper water temperature near the dam. (This point was often discussed by Russ Sherburne of CMO at meetings with DEP.)  In early summer the inlet pond temperature is typically warmer than the pond temperature and the less dense warmer water results in surface transport over the colder denser deep pond water.  Less vertical mixing is promoted under this condition and results in lower deep-water dissolved oxygen.  On the contrary in late summer, the inlet pond temperature is typically cooler than the pond temperature and transport is downward to the bottom of the pond promoting good vertical mixing and improved deeper dissolved oxygen readings.  While the process just described is not, in itself, the cause of the early summer D.O. non-attainment, it explains why we would expect most of the non-attainment to occur in the first half of the summer rather than the latter half.

The next step in this analysis involved developing a spreadsheet with each date that was sampled in individual rows and a number of corresponding items of information in the adjoining columns.  The information that was generated and / or calculated includes percentage of the pond in non-attainment with minimum class C D.O. standards; water temperature; flow at Rumford as a two week average; the mill mass discharge of BOD5 as a two week average with an appropriate lag for time of travel to the inlet of Gulf Island Pond; the mill mass discharge of BOD at the inlet to Gulf Island Pond (total and individual); and finally the inlet ultimate BOD from mill discharges to Gulf Island Pond after dilution.   

Both of the inlet BOD calculations account for the amount lost through decomposition in the river from each mill outfall to the pond (see figures).  This analysis used the model calibrated BOD decay rate and time of travel information to compute the percentage of each mill discharge that can be expected to be remaining when encountering the inlet to Gulf Island Pond.  For example at 7Q10 flow conditions of 1600 cfs at Rumford, the percentage of BOD5 remaining at the inlet to Gulf Island Pond when compared to the actual amount discharged from each outfall is 29%, 50%, and 72% of Crown Vantage, Meade Co., and IP, respectively.  This analysis also illustrates that the effect of dilution is somewhat dampened by a larger percentage of each mill discharge that is remaining at the inlet when comparing low flow to high flow conditions due to the shorter river travel time at higher flows.   For example, at 7Q10 flow of 1600 cfs about 29% of the Crown Vantage BOD load is remaining at the inlet but 45% is still remaining at 3200 cfs.  Hence the diluted BOD is cut in half when considering only dilution effects for these two flows but actually is around 78% rather than 50% when considering both dilution and BOD decay.

When assessing the dissolved oxygen non-attainment in the pond, this spreadsheet analysis clearly shows the largest correlation to river temperature rather than mill discharge or river flow.  The rows in the spreadsheet outlined in bold lines are those with the largest percentage of pond volume in non-attainment of dissolved oxygen criteria during times in which GIPOP improved the pond dissolved oxygen (after mid July).  It can be seen that the largest percentage of non-attainment occurred during high temperature periods.  This analysis does not illustrate that mill discharges are not effecting dissolved oxygen readings in the pond, but rather that the remaining non-attainment in the deeper portions of the pond is more correlated with other factors such as sediment oxygen demand and the thermal transport mechanism that was earlier discussed.  Modeling has shown that some non-attainment in deep pond areas will continue, even if mill discharges are removed.  However a model that was developed in the 1980’s by the mills and DEP illustrates that some benefit is realized with reduced mill discharges, particularly in surface and middle portions of the water column.

DEP’s draft regulation for dissolved oxygen in impoundments would exempt portions of impoundments where thermal stratification or structures result in hydraulic isolation in deeper portions of impoundment.  This would usually result in exempting four to five percent of the volume of Gulf Island Pond at that portion of the pond below the bottom of the turbine intake.  It is believed that this regulation, if passed, together with some other measures that will be discussed can result in certifiable permits for all GIPOP facilities.  However, the passage of the regulation in a form similar to the draft is essential for all of this to happen.  

Calculation of Allowable Mill BOD5 Loads

The allowable BOD5 loads from the three paper mills, (CV, Meade, IP) can be determined from a water quality model that was developed in the mid 1980’s by DEP in cooperation with the mills and the continuous monitor data at the dam.  The model runs determined the expected dissolved oxygen at the dam for mill BOD5 from 0% to 100% of full load in increments of 10%.  A number of graphs were generated by consultants (Water Quality Associates and HydroQual) with predicted dissolved oxygen plotted on the vertical axis for a number of pond depths (plotted in independent lines) and the mill mass BOD5 loads in increments of 10% of full load plotted on the horizontal axis.  Three different conditions of vertical mixing in the pond were modeled.  Since there was uncertainty over policy issues such as method of allocating waste loads (equal % reduction or equal impact) or whether or not Crown Vantage (formerly James River) should be included in the allocation a number of graphs including all possibilities were generated.

The graph chosen for our analysis includes Crown Vantage in the allocation.  Since Maine has no legal authority over New Hampshire discharges, establishment of license limits would have to be accomplished through federal NPDES permitting in cooperation with EPA.  DEP is proposing that allocations be based upon the equal impact (i.e. each mill having the same impact upon dissolved oxygen in the pond).  There are many other methods of allocating waste loads listed in EPA guidance documents that the paper mills could also pursue, as long as the total input of mill BOD5 to Gulf Island Pond (11250 lb/day) remains the same.  In this allocation the most stratified condition (lowest vertical mixing) was chosen as the condition most likely to be encountered at  high temperature low flow.  Since the modeling did not include the improvement gained by GIPOP, actual data collected at the dam in August of 1995 (when a 7q10 was experienced) is used to determine GIPOP contribution to D.O.  The table below summarizes the calculations.       

Calculation of Improvement of D.O. at Gulf Island Dam from GIPOP 








30 day average D.O.



Flow (cfs)
D.O. 5'
D.O. 20'
D.O.35'

August 1995 Continuous Monitor Data
1590
7.4
6.5
6

 Model (without GIPOP) at Aug 1995 BOD
1600
5.7
5.1
4.2

Difference = GIPOP Contribution at Dam

1.7
1.4
1.8

In this calculation GIPOP’s contribution is calculated from the difference of the actual dissolved oxygen measured in the pond at 7Q10 and the model predicted D.O at the same load that was discharged in August of 1995.  The improvement in D.O. realized by GIPOP varies from 1.4 to 1.8 ppm (This difference actually also includes error in the model in addition to GIPOP’s contribution.)  Hence dissolved oxygen of 3.2 ppm at 45 feet of depth in the model run without GIPOP will yield a minimum of 5 ppm after GIPOP’s contribution is added.  Hence above a depth of 45 feet, minimum class C criteria should be met.  As mentioned previously, the draft D.O. regulation for impoundments will exempt this remaining volume from having to meet Class C criteria.

The allocation using the method just described results in about a 32% of full load on the chart.  Using time of travel and the model calibrated BOD decay rate of 0.20 per day, the following percentages of BOD load would be remaining at the inlet to Gulf Island Pond at 7Q10 flow: IP 72%; Meade 50%; and CV 29%.  Therefore in order to have equal mill BOD loads at the inlet to Gulf Island Pond (i.e. equal impact upon D.O. in the pond) each mill should be allocated as follows in relation to the amount of BOD5 allocated to IP: Meade = 1.44 X IP; CV = 2.48 X IP.  This results in the following allocation for weekly average summer BOD5 load for each mill at the 32% full load derived from the modeling graph:


IP
5200 lb/day 


Meade
7500 lb/day


CV
12,900 lb/day 

A margin of safety of 10% should be included in this analysis due to model uncertainty, impacts from higher temperatures that were not included in the model, and the consideration of monthly average dissolved oxygen criteria of 6.5 ppm (also not included in the model).  The model’s design temperature of 24 oC is often exceeded in Gulf Island Pond.  The monitoring data indicates that the largest extent of non-attainment of dissolved oxygen in the pond occurs when river temperatures exceed 24 oC.  (The higher temperature non-attainment is also later addressed through operational changes at GIPOP.)  Non-attainment of monthly average dissolved oxygen criteria has been previously identified as an issue since 4 of the 24 summer months examined from 1992 to 1997 did not meet the monthly average 6.5 ppm.  With the proposed discharge reductions including the factor of safety and the operational changes proposed at GIPOP, it is deduced that both monthly average dissolved oxygen criteria and minimum dissolved oxygen criteria should be met in the future.   The margin of safety results in the following weekly averaged summer discharge limits. 

IP
4700 lb/day 


Meade
6700 lb/day


CV
11600 lb/day

In order to derive monthly average and daily maximum limit, past-demonstrated performance (PDP) for the summer months from 1996 to 1998 was used.  The ratios of the monthly average and daily maximum to weekly average in the PDP generated values were used to derive permit limits.  The derived permit limits for BOD5 (lb/day) for the summer months (June to September) together with the PDP is tabulated below.



June 1 to Sept 30



PDP Summer 96-98



 Proposed Summer BOD5 Permit Limits



95% CI Monthly BOD5 
95% CI Daily BOD5
99% CI Daily BOD5


Mo. Ave.
Weekly Ave.
Daily Max.

Mo. Ave.
Weekly Ave.
Daily Max.

International Paper
4100
4700
6000

3700
4200
5400

Meade Co.
5400
6700
9500

6500
8100
11500

Crown Vantage
9000
11600
15400

9900
12700
16900

The proposed limits when compared to PDP for each mill result in the following: IP 11% higher than PDP, Meade 17% lower than PDP; and CV 9% lower than PDP.  These proposed limits assume a pond temperature of 24 C and may not result in dissolved oxygen criteria being met above this temperature without additional injection of O2 at high temperature.  The data supports the need for additional high water temperature measures, since the most severe non-attainment spatially (i.e. largest % of the volume in non-attainment) occurred at temperatures exceeding 24 C. 

GIPOP Operation  

The continued operation of GIPOP must still be an essential licensed condition in order for the proposed limits to meet class C criteria.  The current waste discharge licenses require that 27, 000 lb/day of oxygen be transferred into the pond at a location about five miles above the dam from July 1 to Sept 30.  It has been mutually agreed between GIPOP personnel and DEP that it is desirable to have a more flexible schedule for oxygen injection than this.  The current requirement has resulted in more oxygen being injected into the pond than is needed during late summer and high flow conditions.  Conversely, more oxygen injection than what current license conditions require is desirable in June and high river temperature conditions.  At a meeting held on March 12, 1999, GIPOP personnel proposed an operational plan for the oxygen diffuser.   The DEP has reviewed this plan and is requiring the following operation plan (changes from proposed plan in bold print) to be included as licensed conditions: 

Oxygen Injection Strategy - Maine DEP

All temperatures measured at Turner Bridge as a 7-day average



Begin GIPOP when 7-day average temperature  > 18 oC in June



 (Q = river flow @ USGS Rumford gage )
% Normal Capacity
Oxygen Injection Amount (lb/day)

Q > 3500
Idle
8000

Temp < 24 oC and 3000 < Q < 3500 
50%
36500

Temp < 24 oC and 2500 < Q < 3000 
75%
54750

Temp < 24 oC and Q < 2500 
100%
73000

Temp. > 24 oC and Q < 3500
125%
91000

End GIPOP when 7-day average temperature < 20oC in September



All flows (cfs) and temperatures (oC) running weekly averages







The largest difference in these proposals is the final step of the strategy in which the 125% injection condition is specified.  The GIPOP personnel propose this when flow at Rumford is less than 2000 cfs, but Maine DEP proposes this, when the temperature at Turner exceeds 24oC and flow at Rumford is less than 3500 cfs.  A temperature trigger is deemed to be an essential part of licensing, since both the intensive survey data (see spreadsheets) and continuous monitoring reveal most of the largest dissolved oxygen non-attainment problems occur when temperature exceeds 24oC.  The 1993, 1994, and 1995 intensive survey data (see spreadsheets) all contain examples when flow was under 2000 cfs at lower river temperatures than 24oC, and dissolved oxygen criteria were met or under 1% non-attainment.  Hence this lower flow trigger is deemed to be not necessary.

Another difference in the proposals is the use of running weekly averages by DEP rather than daily averages.  The longer term average is a better way to trigger injection strategies, due to the lag of river travel time from flow and temperature measured at Rumford and Turner, respectively to realized impacts near Gulf Island dam.  Short-term duration changes in these parameters upstream would not always be noticeable at the dam.  This would result in more consistent operation of GIPOP that would be easier to evaluate in the future when considering the effectiveness of new operation strategies.   As mentioned at the meeting held on 3/12/99, the use of weekly rather than daily averages could have resulted in an additional month of not operating GIPOP in 1996.

A minor difference of the temperature specifying the shutoff of GIPOP in September (20oC rather than 21oC) is proposed by DEP due to dissolved oxygen non-attainment problems that sometimes occur in early September and round-off considerations.

The inclusion of many flow steps (4 or 5) in the oxygenation injection strategy merits some discussion.  It is unclear if the relationship between flow and dissolved oxygen non-attainment  in Gulf Island Pond is this sensitive.  Temperature is probably a much more sensitive parameter (see figure).  After much thought and the examination of data, the DEP is willing to try 4 multiple flow steps for at least one year.  It is likely that the operation of the injection system will be evaluated on a more frequent basis and changes made in the future to optimize water quality improvements and at the same time limit oxygen use to what is actually needed.    

Nutrients and Eutrophication of Gulf Island Pond

Eutrophication of Gulf Island Pond has recently been identified as another water quality issue.  This issue was discussed by stakeholders at an Androscoggin River Watershed Conference meeting held in Bethel in 1998.  The DEP has occasionally received complaints from the public regarding algae in the Androscoggin River. The 1998 data supported earlier concerns about eutrophication of the Androscoggin River as a water quality issue.  Despite the high river flow conditions that were prevalent in the summer of 1998, chlorophyll a levels in the pond reached values in the range of 20 to 30 ppb and is indicative of algae blooms.  There is not sufficient data to derive permit limits for total phosphorus and equally unclear, at this time, if this is even appropriate.  It is recommended that effluent phosphorus monitoring in the summer be included as licensed conditions for the paper mills three times per week.  Chlorophyll a sampling in the Gulf Island Pond should also be included as licensed conditions twice per month in June, July, and August.

TSS Limits 

Total suspended solids contribute to the dissolved oxygen deficit indirectly through the settling and deposition of organic material to the bottom of Gulf Island Pond, which then becomes sediment oxygen demand (SOD).  SOD was collected at four locations in 1998 and when compared to historic data, no significant difference was noticed.  At a minimum TSS in mill discharges should be reduced to PDP values so that the pond D.O. will not diminish further.  TSS is a larger issue for inputs closer to the pond.  

The IP discharge is the largest of the three mills and is also closest to the pond.  During hydropower permitting for IP’s hydro projects nearer to their mill (Riley, Jay, Otis, Livermore dams) biological monitoring of macroinvertebrates in the summer of 1995 revealed non-attainment of Maine’s class C aquatic life standards for the Androscoggin River below IP’s outfall.  TSS from IP’s discharge was believed to be responsible for the non-attainment due to a “smothering” of habitat from solids settling to the river bottom.  This was supported by the fact that aquatic life standards were met in impoundments above IP’s outfall but not met in impoundments below their outfall.  

In 1996 IP reduced TSS in their discharge significantly and higher river flows than average diluted TSS so that overall levels in 1996 were much lower than 1995.  Macroinvertebrate sampling in 1996 revealed attainment of aquatic life standards.  This response in the river to lower TSS supported earlier assumptions that IP’s TSS was responsible for the non-attainment in 1995.  In 1997 with lower TSS discharged than 1995, once again attainment of standards was met.  

An empirical method was derived, first prorating TSS loads to 30Q10 conditions, second plotting the data by year, and then observing whether attainment or non-attainment of aquatic life standards occurred.  A discharge level from IP above which non-attainment of class C aquatic life criteria occurs and below which attainment of class C aquatic life criteria occur can be determined (see figure).  In-between the attainment and non-attainment TSS levels from IP, there is a range of uncertainty in which either non-attainment or attainment can occur.  The midpoint of the range of uncertainty was chosen as a starting point for IP's TSS permits limits with macroinvertebrate sampling as requirements to the waste discharge license to confirm attainment.  (If macroinvertebrate sampling continues to show non-attainment, further reductions would be required). 

This method resulted in summer (May 1 to Sept 30) monthly average limits of 12,000 lb/day of TSS.  The TSS (lb/day) limits for daily maximum and non summer were negotiated with IP and the following resulted:




 

Mo. Ave.

Daily Max.

May 1 to Sept 30 (beginning 5/1/00)
12,000               

22,300

Oct 1 to Apr 30 (beginning 10/1/99)
31,330


44,600

Oct 1 to Apr 30 (beginning 10/1/02)
25,000


44,600

For Meade and Crown Vantage PDP was used to derive the following permit limits from June 1 to Sept 30.








PDP Summer 96-98
Monthly Average


Daily Maximum






95% CI Monthly


99% CI Daily

Meade




          9500


          18800

Crown Vantage



          12400


          20200

Heat

Maine’s temperature regulation requires that no thermal discharge should raise the temperature of the receiving water by more than 0.5 F outside of a mixing zone, whenever the USEPA national ambient water quality criteria (66F) are exceeded.  This temperature is probably exceeded for nearly three months in the Androscoggin River.   IP can meet this requirement at the Jay dam, which is approximately one mile below their outfall.  Meade’s heat causes a delta T of approximately 2.5 F at 7Q10 flow and currently a mixing zone of 10 miles is needed to meet the temperature regulation.  The 10-mile distance for the mixing zone was derived with a water quality model.   A distance this long may not be necessary.  Continuous temperature monitoring should be required so that actual data can be used to derive the length of the mixing zone.  It is likely that the mixing zone could be reduced after evaluating the continuous data.  A study requiring continuous monitoring at a number of locations should be a license condition.  The license should specify that a study plan for continuous monitoring be submitted for DEP approval.   

Gulf Island - Deer Rips Hydro Certification  

The water quality certification to the Gulf Island - Deer Rips hydropower project should require CMP to continue to participate in GIPOP.  Another issue which has been difficult to resolve is whether or not the store and release mode of operation at Gulf Island dam is responsible for water quality problems. .  DEP believes that the lack of flow during storing (pond fill up after water has been released for peaking power)  contributes to pond stratification and low D.O. in deeper waters.  The data in 1997 from the continuous monitor indicated lower D.O. on weekends (when CMP is typically storing) when compared to week days.   It is possible, but still uncertain, that CMP’s new mode of operation utilizing lower drawdowns and higher minimum flows could result in a suitable mitigation.  

However the pond’s dynamics are quite complex and there are a number of other factors such as mill discharges, river flow, temperature, algae photosynthesis, and respiration all simultaneous effecting the pond’s D.O. levels.  Without extended periods of run of river and store and release modes uninterrupted it is difficult to sort this issue out.  The hydro project could be certified with a requirement for a two-year study to further investigate this issue.  Run of river should be required in this study for at least one month continuous; preferably the one month alternated to the first and latter half of the mid June to mid August period each year.  A condition to the water quality certification should be a reopener clause requiring run of river for the two month period should the data in the required study show that cycling of flow is contributing to water quality problems.        
Another option may be requiring run of river operation from mid June to mid August.  With this option no studies would be required as licensed conditions.
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