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Presenter
Presentation Notes
Focused on phosphorus at this time, because it is the primary limiting nutrient in freshwater.


NUTRIENT IMPAIRMENTS
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Presenter
Presentation Notes
Nutrients, such as nitrogen and phosphorus are naturally occurring in rivers and streams and are essential to plant and animal nutrition.  However, excessive human inputs of nutrients from sources like fertilizers for houseplants, lawns and gardens, and agricultural crops tip the balance of nutrients in water bodies and can cause excessive growth of biomass (algae).  Excessive amounts of biomass can inhibit recreational opportunities, but also decay and decompose, removing most of the oxygen and making it difficult for fish and other aquatic life to survive.  The waterbodies on the current IWL have been listed on a case by case basis and are usually the result of a very obvious and consistent impairment to recreation and is usually coupled with a lack of dissolved oxygen in the water.






Average Phosphorus Concentration vs. Aquatic Life Use Criteria
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Presentation Notes
No relationship with aquatic life or measures of response variables indicating impairment


Total Phosphorus Concentration (mg/L) At Low Impervious Cover (<4% ) Forested Sites (> 85%)
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Presenter
Presentation Notes
Pristine sites under relatively stable low flow conditions.  Variability Within and Between Sites


ISSUES

Impaired Uses

Is this too green?

Does green impair
recreational uses?


Presenter
Presentation Notes
We can not define what is an impairment or how much is too much ‘green’ in a stream.  Green has a different meaning to different people.


CURRENT WATER QUALITY STANDARDS

Numeric Interpretation of Current Narrative Water Quality Standard



Presenter
Presentation Notes
Current Standard:  There should be no more phosphorus in a waterbody than would occur naturally.


OBJECTIVES

reference conditions

Describe the characteristics of water body segments least
impaired by human activities. As such, reference conditions
can be used to describe attainable biological or habitat
conditions for water body segments with common
watershed/catchment characteristics within defined
geographical regions. (EPA, 2000)
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Presenter
Presentation Notes
This approach strives towards a reference condition that achieves that best attainable condition in a waterbody.  This can range from highly forested minimally disturbed by human influence conditions to areas with human influence but have all BMPs are in place.


METHODOLOGY




O)
I\’EEETHODOLOGY: Classity Watershed Export By ILand Cover
and Upstream Discharges

Range in Average Land Cover Phosphorus Concentrations (mg/L)

Median = 0.08

Median = 0.04

Median = 0.03

Average Phosphorus Concentration (mg/L)

T
Agriculture

Range in Average Land Cover Phosphorus Concentrations (mg/L)

xR

Average Phosphorus Concentration (mg/L)

Median = 0.18

E=—IMedian = 0.08 Median = 0.03 Median = 0.04 E== 09/21/2005 -

T T T
Agriculture Forest



Presenter
Presentation Notes
4 significantly distinct groups of In-stream phosphorus levels based on upstream land use.  Classified by land use and came up with BMP exports to calculate what the nutrient criteria should be at any point in a waterbody.


METHODOLOGY: Steps to Calculate BMP ILand

Cover Export LLoads




METHODOILOGY: Delineated Watersheds, Calculated
Land Cover and Determined if Site Met Criteria

Export Land Cover | Other Land Cover Criteria
Coefficient | Criteria

No Upstream WWTPs

Agriculture <= 15% Urban, No Upstream
WWTPs

<= 15% Agriculture, No
Upstream WWTPs

larks Falls, CT

|:| Nutrient Export Analysis Watersheds
- Forest

- Urban

|:| Agriculture




METHODOLOGY: Model Export Coefficients
Across Varying Flow Conditions

Land Cover | Export Coefficient Model
Forest Log (Forest Export) = (1.5725)(% Storm Chg) — 4.2979

Urban Log (Urban Export) = (1.5927)(% Storm Chg) — 3.6817

Agriculture Log (Agriculture Export) = (1.0488)(% Storm Chg) — 2.9141
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SURFACE
RUNOFF

BASEFLOW

1/15/1995
1/29/1995
2/12/1995
2/26/1995
3/12/1995
3/26/1995
4/9/1995
4/23/1995
5/7/1995
5/21/1995
6/4/1995
6/18/1995
7/2/1995
7/16/1995
7/30/1995
8/13/1995
8/27/1995
9/10/1995
9/24/1995
10/8/1995
10/22/1995
11/5/1995
11/19/1995
12/3/1995
12/17/1995
12/31/1995



Presenter
Presentation Notes
Determined dominant upstream land use at USGS Gages that did not have STPs upstream and modeled export coefficients for each of the land use categories across varying flow conditions.  Modeled using only seasonal data (April through October).  Using seasonal data that represents the optimum time for nutrients to accumulate and contribute to impairments.  This ‘growing season’ represents times when flows are lower, nutrients can accumulate in sediments and warmer conditions that do not inhibit biomass growth.   Average export coefficient are comparable to those in the literature.  Percent Storm Change was calculated based on the USGS Hydrograph-Separation Sliding Interval Method, which finds the lowest discharge in one half the interval minus 1 day [0.5(2N* - 1)] before and after the days being considered and assigns it to that day.


METHODOLOGY: Compare Export Cocliicient
Non-Point Source Current Loads with “Actual’
Current Loads

Station #

Station Name

Land Cover

Export Coefficient (Ibs/acre/day)*

Forest

1.03 * 10 4

Urban

4.33*10 4

Agriculture

Drainage Area
(Sg. Mi.)

%Urban

%Forest

19.75*10 4

%Ag

Estimated
Export
Coefficient
Load (lbs/day)

Actual
Total Load
(Ibs/day)

1608

MIRY BROOK AT YE OLDE RD

3.85

23.37%

68.29%

8.34%

0.83

1.19

1192704

MATTABESSET RIVER AT
ROUTE 372 AT EAST BERLIN

46.9

44.11%

44.82%

11.07%

13.69

8.64

1184490

BROAD BROOK AT BROAD
BROOK, CT.

15.6

12.09%

41.31%

46.60%

10.12

12.72

1188000

BUNNELL (BURLINGTON) BR
NR BURLINGTON, CT

4.2

17.12%

67.45%

15.43%

1.21

1.21

1184100

STONY BROOK NEAR WEST
SUFFIELD, CT.

10.37%

55.03%

34.60%

5.30

4.81

1208990

SAUGATUCK RIVER NEAR
REDDING, CT.

13.86%

79.62%

6.51%

3.59

3.31

1748

PENDELTON HILL BROOK

5.31%

86.22%

8.46%

0.72

0.29

1193500

SALMON RIVER NEAR EAST
HAMPTON

15.49%

72.77%

11.74%

24.13

15.39



Presenter
Presentation Notes
Comparisons between export coefficients and actual loads show no more than a factor of 2 difference.  Will continue to calculate comparisons and refine export coefficients as needed.


METHODOLOGY: Apply Applicable BMPs to Final

Export Coefficients Across Varying Elow Conditions to
Calculate BMP LLand Cover Export LLoad

BMP Land Cover Load = X[Land Cover BMP Export * Upstream Land Cover

Land Cover | Export Literature Value BMP | BMP Percent BMP Export
Coefficient* Percent Reductions Reduction Used for | Coefficient*
(Ibs/acre/day) (EPA, 1993) Current Analysis (Ibs/acre/day)

Urban 433 %10 565 % 1.73 * 10 4
Agriculture | 19.75 * 10 30 -75 % 7.9 % 10 4
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METHODOLOGY: Steps to Calculate BMP
WWTP Discharge Export [Loads

Calculate Enrichment Factor At
Point of In-Stream Discharge

Calculate the Percent Contribution
At Point of In-Stream Discharge

Analyze Enrichment Characteristic
Similarities Among WWTPs

Apply Appropriate Seasonal Limits
Based on Percent Load
Contribution and Downstream
Enrichment Characteristics

Calculate BMP Discharge Load
Based on Current Flow




METHODOLOGY: Identity Indicators of Nutrient
Enrichment Downstream WWTPs

Enrichment Factor

Current In-Stream Phosphorus Load At Point of Discharge:
Total Forested Condition Phosphorus Load

Current Load 205.3
(Ibs/day)
Forested Load 4.80

(Ibs/day)

Enrichment Factor 42.79

Total Forested Condition

oS 1 16 3
ST



Presenter
Presentation Notes
Response Variable Levels are based on an analysis of CT data, as well as, backed by literature values.  Based on 75th percentile of Forested Areas for Low Indication of Enrichment and the 75th percentile of urbanized areas without STPs for Medium Indication of Enrichment.


METHODOLOGY: Ildentity Indicators of Nutrient
Enrichment Downstream WWTPs

In-Stream Percent Contribution At Point of Discharge

(Current WWTP Phosphorus Load /
Total In-Stream Phosphorus Load At Point of Discharge) *100

Current Total In- Percent
WWTP Load | stream Load | Contribution
(Ibs/day) (Ibs/day)

110.40 205.30 53.78 %

00295 1 15 2
O W, Viles




METHODOLOGY: Ildentity Indicators of Nutrient
Enrichment Downstream WWTPs

Enrichment Factor BMP Matrix

Model Matrix EF > 34.5 8.5 <EF >34.5 EF <8.5

%C>15% MED LOW

%C <5% LOW LOW

5% < %C >15% MED LOW



METHODOLOGY: Ildentity Indicators of Nutrient
Enrichment Downstream WWTPs

Analyze Enrichment Characteristic Similarities Among WWTPs Using
Cluster Analysis And Best Professional Judgment

Other Factors Considered

STP Current Average Phosphorus Concentration (mg/l)
Distance to Nearest Downstream Dam (mi)

Percent Contribution At Nearest Downstream Dam

Distance to Nearest Downstream Impaired Water (mi)
Percent Contribution At Nearest Downstream Impaired Water
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METHODOLOGY

WWTP Nutrient Analysis Cluster
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METHODOLOGY: Ildentity Indicators of Nutrient

Enrichment Downstream WWTPs

Modify Enrichment Factor Modeling Analysis Based on Cluster
Analysis and Best Professional Judgment

Geospatial Modelling Analysis

BMP
. Percent Requirement
i Enrichment o
Facility Factor Contribution At Based on
Discharge Modeling
Analysis

CHESHIRE WPCF HIGH
SOUTHINGTON WPCF | 3054 | 8725 | MED |

Other Factors Considered / BPJ Analysis

(mg/L) Dam W

-
STP Current Percent Percent
Average Distance to Contribution At Distance to Contribution Potental Limit BP) FINAL
Phosphorus Nearest DS Nearest DS Nearest DS IW At Nearest DS Based on Cluster Adjustment PROPOSED BMP
Concentration Dam (mi) (mi) Analysis REQUIREMENT

| 461 | 170 | o042 | 1720 | o042 | HWGH | no | | HGH |
| 147 | 366 | 03 | Nul | 000 | MED/HIGH | downone | | MED |
| 274 | 58 | o048 | 58 | 048 | HIGH | wupone [ | HIGH |
346 | Nul | 000 | Nl | 000 | MED | downone | | _MED




METHODOLOGY: Apply Appropriate Average BVIP

Seasonal (April through Oct.) Performance ILimitsi And Calculate
BMP Discharge Export LLoad

Final Proposed BMP Average Feasibility
BMP Requirement | Performance

0.2 mg/L Technically Feasible with Additional Filters and
Chemical Addition.

Medium 0.7 mg/L Technically and Economically Feasible with
Chemical Addition Or Biological Treatment If
Capacity Exists.

Cap at Current May Need Additional Treatment if Future
Load Expansion is Planned.

BMP Discharge Export Load = Concentration * Current (5-Year) Average Flow Rate




METHODOLOGY: Apply Final Proposed BIVIP
Requirements

Total Current Average
Phosphorus WWTP Load
(Ibs/day)

2354.21




METHODOLOGY: Apply Final Proposed BIVIP

Requirements
Projected WWTP Phosphorus Reduction 2007-2020

71.43 % Reduction
By 2020
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IMPLEMENTATION Total

Criteria
Total

Forest Criteria

2.28 . . . 12.1

LITCHFIELD WPCF - I%TES\\LQF
[wr,
¢ B

BMP MP BMP Total
Ag Urban | WWTP | Criteria

BMP Total
Forest Criteria . ) 3.37 17.08 27.81

2.06 . . . 10.01

BAC = BMP Land Cover Load + BMP WWTP Load
~4) T

Obtain BAC Nutrient Criteria (Ibs/day)

20 Miles




IMPLEMENTATION: Getting Back to BAC

Natural

Estimated Estimated
Current Load | Criteria Load Percent
(Ibs/day) (Ibs/day) Reduction

1288.34 674.05 48 %
234521 672.42 71.4 %
3

Best Attainable
Condition

Least Disturbed Condition
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QUESTIONS ?

Mary Becker
mary.becker@ct.gov

Department of Environmental Protection

Bureau of Water Protection and Land Reuse

79 Elm Street, Hartford CT 06106

www.ct.gov/dep
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