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Approach

» Flow-based

= Review Malcolm-Pirnie flow analysis (from 7/16/09
memo)

= Perform flow analysis to support critical period selection
* Consider 9 major tributaries

* Evaluate different combinations of monthly flows
* Apply allocation multiplier to consider relative impacts

* Consider correlation between flow and DO exceedances

» \Water quality-based
» Regional and national approaches



Malcolm-Pirnie Flow Analysis - Approach

» Evaluated selection of 1996-1998 as 3-year
critical condition

» Calculated 3-year running averages of
seasonal flow and determined corresponding
flow percentiles

= 1967-2009
= January through May
* Susquehanna and Potomac



Malcolm-Pirnie Flow Analysis - Results

» Highest average Jan-May inflow was 1996-1998
» Critical period of 1996-1998 is too extreme

= contains 93 and 98 percentile flow years
" represents a 40-year return period
= represents the 100t percentile

» Recommend:

= 10-year return period
= 1993-1995 or 1994-1996



Replication of Malcolm-Pirnie Flow
Analysis

» Repeated the analysis using flow data presented
In the report and raw data

= 3-year averages based on flows in the report did
not exactly match what is presented

* Does not affect the percentile calculations

= Using USGS data resulted in similar discrepancies
In 3-year running averages

» Yielded same conclusions



Analysis to Support Critical Period
Selection

» Flow data analyzed for 1978 through 2009 (Patuxent flow gage

limited time period...did not begin until 1977)
» Average flows calculated for 9 tributaries for each year

» Evaluated combinations of different monthly flow durations from
September through July (e.g., average flows for Jan-May, Dec-
March, etc.)

» Calculated running 3-year averages using only flows from the

months within the potential critical period under evaluation

Time Periods

Gage ID
1668000
1646502
2037500
1674500
1673000
1491000
1578310
2041650
1594440

Description
RAPPAHANNOCK RIVER NEAR FREDERICKSBURG, VA
POTOMAC RIVER (ADJUSTED) NEAR WASH, DC
JAMES RIVER NEAR RICHMOND, VA
MATTAPONI RIVER NEAR BEULAHVILLE, VA
PAMUNKEY RIVER NEAR HANOVER, VA
CHOPTANK RIVER NEAR GREENSBORO, MD
SUSQUEHANNA RIVER AT CONOWINGO, MD
APPOMATTOX RIVER AT MATOACA, VA
PATUXENT RIVER NEAR BOWIE, MD

Start
9/19/1907
3/1/1930
10/1/1934
9/19/1941
10/1/1941
1/1/1948
10/1/1967
10/1/1969
6/27/1977

End

8/25/2009
7/31/2009
8/25/2009
8/25/2009
8/25/2009
8/25/2009
8/25/2009
8/25/2009
8/25/2009




Calculations

» Probability of each 3-year flow average was determined
using the Weibull Plotting Position computed as:

1 m

R

where: p is the probability, m is the rank, and n is the count
of the dataset

» Return period is inverse of probability

» Different approach than Malcolm-Pirnie Study, which
used percentile ranks

» Regression performed on 3-year flow average to
determine correlation with the DO percent exceedances



Use of Tributary Multipliers

» Flows from different tributaries don’t equally impact conditions in the
Bay

» Used CBPO allocation multipliers
» Translated toa 0.0 - 1.0 scale
» Flow analysis repeated using multipliers

Basin Multiplier Adjusted Ratio
Appomattox 0.533111028 0.017
Choptank 6.929861533 0.217
James 0.533111028 0.017
Mattaponi 0.798423188 0.025
Pamunkey 0.798423188 0.025
Patuxent 3.093385849 0.097
Potomac 6.188243619 0.193
Rappahannock 2.809613056 0.088
Susquehanna 10.3187158 0.322
8
1.000




Tributary Flow Contributions with

and

without Multiplier Ratios

1978-2009 APPOMATTOX, 2.0%

CHOPTANK, 0.2% JAMES, 11.2%

MATTAPONI, 0.8%

PAMUNKEY, 1.5%

PATUXENT, 0.6%

POTOMAC_502, 19.7%

SUSQUEHANNA, 61.3%

RAPPAHANNOCK, 2.7%

Flow Contributions

1978-2009
After Multipliers

SUSQUEHANNA, 81.7%

CHOPTANK, 0.2%

APPOMATTOX, 0.1%

JAMES, 0.8%

MATTAPONI, 0.1%

PAMUNKEY, 0.2%

PATUXENT, 0.2%

RAPPAHANNOCK, 1.0% POTOMAC_502, 15.8%

Flow Contributions with Multiplier Ratio




Return Periods by Monthly Duration:
Without Multiplier

% DO Exceedences ---> 25.87% 25.92% 24.26% 27.84% 26.05% 31.11% 27.24%
Interval R2 |1992-1994 1993-1995 1994-1996 1996-1998 1997-1999  2003-2005  2004-2006
Return Period
SEP-JUNE 0.54 443 6.20 3.44 15.50 2.58 31.00 7.75
NOV-JUNE 0.53 6.20 7.75 5.17 31.00 2.07 15.50 4.43
SEP-JULY 0.53 4.43 5.17 3.44 15.50 2.58 31.00 10.33
NOV-JULY 0.52 6.20 7.75 443 15.50 2.07 31.00 5.17
DEC-JUNE 0.52 7.75 6.20 4.43 31.00 2.38 15.50 3.88
SEP-MAY 0.51 443 6.20 3.88 15.50 3.10 31.00 7.75
DEC-JULY 0.51 6.20 7.75 4.43 31.00 2.21 15.50 3.88
OCT-JUNE 0.50 5.17 6.20 443 15.50 2.38 31.00 7.75
OCT-JULY 0.49 5.17 6.20 443 15.50 2.21 31.00 7.75
NOV-MAY 0.48 6.20 7.75 5.17 31.00 3.10 15.50 4.43
SEP-APR 0.48 4.43 5.17 3.44 15.50 3.10 31.00 10.33
OCT-MAY 0.46 5.17 7.75 443 31.00 2.82 10.33 6.20
DEC-MAY 0.46 10.33 7.75 5.17 31.00 2.82 6.20 3.88
JAN-JUNE 0.44 10.33 6.20 443 31.00 2.58 5.17 2.21
JAN-JULY 0.44 6.20 5.17 443 31.00 2.21 7.75 2.82
NOV-APR 0.44 7.75 10.33 4.43 31.00 3.10 15.50 5.17
OCT-APR 0.42 5.17 7.75 3.44 31.00 3.10 15.50 6.20
SEP-MAR 0.42 2.82 3.44 3.88 15.50 4.43 31.00 10.33
DEC-APR 0.40 10.33 15.50 5.17 31.00 3.10 6.20 4.43
NOV-MAR 0.39 3.10 3.44 6.20 31.00 443 15.50 7.75
JAN-MAY 0.37 10.33 7.75 6.20 31.00 3.10 443 2.21
OCT-MAR 0.36 2.82 3.44 4.43 31.00 3.88 10.33 7.75
DEC-MAR 0.36 3.44 5.17 7.75 31.00 4.43 10.33 6.20
JAN-APR 0.32 31.00 15.50 6.20 10.33 3.44 3.88 2.38
JAN-MAR 0.26 5.17 6.20 10.33 31.00 7.75 3.88 2.58

Note: Only 3-yr periods with >6 yr return periods are shown; >6 yr return periods are highlighted
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Return Periods by Monthly Duration:

With Multiplier

% DO Exceedences ---> 25.87% 25.92% 24.26% 27.84% 26.05% 31.11% 27.24%
Interval R2 1992-1994 1993-1995 1994-1996 1996-1998 1997-1999  2003-2005  2004-2006
Return Period
SEP-JUNE 0.53 4.43 5.17 3.44 7.75 2.21 31.00 15.50
NOV-JUNE 0.53 5.17 6.20 4.43 15.50 1.94 31.00 7.75
DEC-JUNE 0.52 6.20 7.75 3.88 15.50 1.94 31.00 4.43
SEP-JULY 0.52 3.88 5.17 3.44 10.33 2.07 31.00 15.50
NOV-JULY 0.52 5.17 6.20 443 15.50 1.94 31.00 10.33
DEC-JULY 0.51 5.17 6.20 3.88 15.50 1.94 31.00 7.75
OCT-JUNE 0.49 5.17 6.20 3.88 15.50 2.07 31.00 7.75
SEP-MAY 0.49 4.43 5.17 3.88 7.75 2.58 31.00 15.50
OCT-JULY 0.48 5.17 6.20 3.88 15.50 1.94 31.00 10.33
NOV-MAY 0.46 6.20 7.75 4.43 31.00 2.38 15.50 5.17
SEP-APR 0.46 4.43 5.17 3.44 6.20 2.82 31.00 15.50
JAN-JULY 0.46 10.33 5.17 4.43 31.00 1.55 15.50 3.88
JAN-JUNE 0.46 10.33 6.20 4.43 31.00 1.82 5.17 2.82
DEC-MAY 0.45 7.75 10.33 5.17 31.00 2.21 6.20 4.43
OCT-MAY 0.44 5.17 6.20 3.88 15.50 2.21 10.33 7.75
NOV-APR 0.42 7.75 10.33 3.88 15.50 2.58 31.00 6.20
SEP-MAR 0.41 2.07 3.10 3.88 10.33 4.43 15.50 31.00
OCT-APR 0.41 517 6.20 3.44 10.33 2.58 31.00 7.75
DEC-APR 0.40 15.50 31.00 4.43 10.33 2.58 7.75 5.17
NOV-MAR 0.38 2.58 3.10 5.17 31.00 3.44 15.50 10.33
JAN-MAY 0.37 15.50 7.75 6.20 31.00 2.38 5.17 2.82
DEC-MAR 0.37 2.58 3.44 6.20 31.00 3.88 15.50 10.33
OCT-MAR 0.35 2.38 3.10 4.43 31.00 3.44 10.33 15.50
JAN-APR 0.32 31.00 15.50 6.20 10.33 2.58 5.17 3.44
JAN-MAR 0.28 2.58 3.88 10.33 31.00 7.75 6.20 2.82

Note: Only 3-yr periods with >6 yr return periods are shown; >6 yr return periods are highlighted
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Monthly Span

» Monthly span should be extended beyond that in the
Malcolm-Pirnie Study (Jan-May)

» Jan-May had one of the lower correlations with DO
exceedances

» 3-year average flows with the highest correlation to DO
exceedances generally include longer monthly spans
(i.e., from early fall of the previous year through
summer)

» 3-year average flow spanning Sep-Jun had highest
correlation to DO exceedances

12



Preliminary Interim Findings

» 2003-2005 and 1996-1998 generally represent
highest return periods

= 2003-2005

* highest for longer monthly span (when flow is more closely
correlated with DO exceedances)

= 1996-1998
* highest for shorter monthly span (as in Malcolm-Pirnie study)

* closer to 10 year return period for months when flow more
closely correlates with DO exceedances

» 1992-1994 and 1993-1995

= generally lower than 10 year return periods

= higher return periods (10 year or more) when flow is not
strongly correlated with DO exceedances

13



Next Steps for Completion of Flow-based
Critical Period Analysis

» Determine return periods using USGS methodology

= Log Pearson lll Method of flood frequency analysis

* Bulletin 17B: Guidelines for Determining Flood Flow
Frequency

» Compare Log Pearson lll results to Weibull Plotting
Position results

» Other analytical methods, e.g. Gringorten and
Cunnane, may also be considered

» Bring updated results to the September 14 or
September 21 WQGIT conference call for final
decision on the critical period

14



Water Quality-based Critical Period
Assessment

» Flow

= Reasonable surrogate for climate
* Does not capture all wind, rain, temperature,
and other factors
» \Water quality

" |ncorporates climate

= Considers anthropogenic factors
* Point source loads

* BMPs
* Land use

15



Water Quality-based Critical Period

Period DO below ( Probability Return Period

2003-2005 31.11% 0.05 21.0 > Water qua“ty return
1996-1998 27.84% 0.10 10.5 period has 1996-1998
2004-2006 27.24% 0.14 7.0

1998-2000 26.57% 0.19 5.3 as the 10 y?ar

1997-1999 26.05% 0.24 4.2 recurrence interval
2002-2004 25.97% 0.29 3.5 i

20012003 25.93% 0.33 3.0 » Anthropogenic effects
1993-1995 25.92% 0.38 2.6 are included, bUt
1992-1994 25.87% 0.43 2.3

1986-1988 25.60% 0.48 2.1 Iessened by the

1987-1989 25.23% 0.52 1.9 observation that
1991-1993 24 .97% 0.57 1.8 .

1994-1996 24.26% 0.62 1.6 1996_1 998 Is near the
1985-1987 23.07% 0.67 1.5 middle of the

1988-1990 22.83% 0.71 1.4 :

1995-1997 22.58% 0.76 1.3 assessed perIOd
1989-1991 22.36% 0.81 1.2 > Another |ine Of

1999-2001 22.32% 0.86 1.2 .

2000-2002 21.60% 0.90 1.1 ewdence

1990-1992 21.11% 0.95 1.1

16



Regional Practices - Critical Period

» How do States determine the hydrology critical period?

All States: Dependent upon pollutant, WQS, TMDL endpoint as well as
amount of flow data available

All States: Typically use representative data with a range of flows
including high, low, and average

MD, DC & VA: Critical period selected based on dry, average and wet
years

MD: In some TMDLs, time-variable models use worst condition in
calibration period; steady state models for nutrients use 7Q10

DE: 7Q10 used for free flowing streams; tidal streams use calibration
period with critical condition of monthly average or seasonal average

PA: Starting to use growing season average for nutrients

WV: Watershed TMDLs uses representative precipitation induced flow
data over a 6-year period with high, low, and average conditions

17



Regional Practices — Baseline Year

» Under allocation scenarios, what land uses do
States employ?

= All states typically use the most recent land use data from 2002 or
2007 depending upon state information

= WV has employed more recent land use modification information
for certain transient land uses (i.e., mining)

= For PCBs, NY considers historical sources (including NPS data)
in their approach to baseline year

* NY does not assess land use as a way of determining load

18



Regional Practices — Baseline Year

» \What point source flows do States use?

Different approaches for different sources

Measured data for calibration and baseline (PA, MD, DE, and
DC)

Design flow/concentrations for allocations (PA, MD, DE, VA,
WV, and DC)

* DC uses modeled design flow/concentrations for allocations

Precipitation induced sources get allocations based on
modeled flow (WV, VA)

Industrial Wastewater get allocations based on production
based maximum flow and permit concentrations (MD, VA,
and PA)

NY starts with measured data (may go to level of technology).

Design flow is used as a backstop

19



What Others Have Done

» TMDL Analysis to Achieve Water Quality Standards for DO in Long
Island Sound (NYSDEC 2000)

= Annual surveys from 1986-1998 and a review of historical data
indicated that the 1988-1989 modeling time frame was the most
severe period of hypoxia on record.

= As a result, model simulations of reduced nitrogen inputs were used
to predict water quality conditions that would result during the same
physical conditions that exist during the 1988-89 period.

= Use of 1988-89 worst case scenario considered as an implicit MOS

» TMDL for Nitrogen in the Peconic Estuary Program Study Area,

Including Waterbodies Currently Impaired Due to Low DO (Peconic
Estuary Program 2007)

= EFDC model was calibrated using an eight-year period from October
1, 1988 to September 30, 1996.

* Included all seasons of the year as well as extreme wet and dry
years

= Monitoring data indicated that the October 2000 to September 2002

time frame was the most severe period of hypoxia on record from
1988-2002.

= Qctober 1, 2000 to September 30, 2002 was selected as the critical
period for the TMDL model runs.

20



Feedback/Direction Reguested

» Reminder: WQ Team previously decided on the
representative hydrologic period of 1991-2000

» Recommend decision criteria for selecting the critical
period:
= Select the critical period within the hydrologic period

1991-2000 (representative of long-term hydrology, within
model calibration period, ease of model operations)

* Three-year period (match criteria assessment period)

= Representation of around a 10-year return period
(consistent with TMDLs in Bay watershed states,
supports implicit margin of safety)
» Feedback Requested: 1) overall methodology as
described, 2) planned next steps and 3)
recommended decision criteria 21



Additional Analysis Since 9-9-09

» Determined return periods using Log Pearson Il
Method methodology

= Alternative frequency analysis technique
= Conducted for same 1978-2009 time period

= Focused on monthly spans with highest correlation
between flow and DO exceedances

» Performed analysis for extended time period
= 1930-2009
= Only included Susquehanna and Potomac

» Performed de-trending analysis for extended time
period

= Removes increasing flow trend over time
= Multiple approaches

22



Without Multiplier

% DO Exceedences 25.87% 25.92% 24.26% 27.84% 31.11% 27.24%
Year 1992-1994 1993-1995 1994-1996 1996-1998 2003-2005 2004-2006

Sep-June 4.38 4.90 3.77 17.99 34.80 12.37
Nov-June 7.45 7.90 5.46 20.71 19.09 5.36
Sep-July 4.16 4.79 4.05 16.77 36.03 14.15
Nov-July 6.79 7.53 6.02 18.95 20.33 6.59
Dec-June 9.19 9.11 6.68 19.70 15.89 4.24
Sep-May 4.90 5.74 3.80 17.77 23.83 11.69
Dec-July 8.39 8.66 7.26 18.14 17.24 4.97
Oct-June 5.44 6.15 4.60 19.99 21.57 7.16
Flow (Sep-June) (cfs) 81,791 83,254 80,099 95,684 101,516 92,106
Flow (Nov-June) (cfs) 97,725 98,368 94,810 108,161 107,300 94,664
Flow (Sep-July) (cfs) 76,755 78,432 76,487 89,677 96,200 88,110
Flow (Nov-July) (cfs) 89,756 90,753 88,724 99,399 100,142 89,485
Flow (Dec-June) (cfs) 104,233 104,117 100,461 111,988 109,418 95,653
Flow (Sep-May) (cfs) 86,706 88,203 83,278 100,501 103,783 96,146
Flow (Dec-July) (cfs) 94,451 94,829 92,906 101,658 101,107 89,709
Flow (Oct-June) (cfs) 88,780 89,746 87,057 101,106 101,688 91,140
With Multiplier

% DO Exceedences 25.87% 25.92% 24.26% 27.84% 31.11% 27.24%

Year 1992-1994 1993-1995 1994-1996 1996-1998 2003-2005 2004-2006

Sep-June 4.39 5.17 3.87 13.21 35.52 18.76
Nov-June 7.47 8.19 5.70 16.84 19.21 8.52
Sep-July 4.19 4.83 4.04 12.21 36.18 21.53
Nov-July 6.85 7.48 5.98 16.06 21.37 10.34
Dec-June 9.17 9.27 6.76 16.02 17.64 6.88
Sep-May 4.92 6.32 4.08 13.12 24.42 17.15
Dec-July 8.38 8.39 7.08 14.58 18.76 8.73
Oct-June 5.40 6.41 4.67 16.09 22.11 10.74
Flow (Sep-June) (cfs) 19,682 20,141 19,338 22,251 24,445 23,100
Flow (Nov-June) (cfs) 23,429 23,668 22,837 25,294 25,648 23,779
Flow (Sep-July) (cfs) 18,494 18,892 18,400 20,891 23,136 22,147
Flow (Nov-July) (cfs) 21,550 21,739 21,292 23,285 23,910 22,535
Flow (Dec-June) (cfs) 24,860 24,893 24,069 26,006 26,242 24,110
Flow (Sep-May) (cfs) 20,897 21,462 20,265 23,415 25,103 24,122
Flow (Dec-July) (cfs) 22,568 22,569 22,178 23,659 24,214 22,671
Flow (Oct-June) (cfs) 21,337 21,662 20,998 23,689 24,436 22,921

Results
from Log
Pearson
111
Method

(1978-2009)
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Analysis for Extended Time Period

» 1930-2009
» Log Pearson Il

» Only Susquehanna and Potomac

= Susquehanna
* Flow at Conowingo gage begins on 10/1/1967

* Used data prior to 10/1967 from Susquehanna River
at Harrisburg and applied drainage area ratio method

» Used Potomac and Susquehanna Factors

Adjusted
Multipliers Ratio

Potomac 6.188244 0.375

Susquehanna 10.31872 0.625

24



Extended Time Period Results

% DO Exceedences 24.97% 25.87% 25.92% 24.26% 22.58% 27.84% 31.11% 27.24%
Year 1991-1993 1992-1994 1993-1995 1994-1996 1995-1997 1996-1998 2003-2005 | 2004-2006
jan-july 2.69 11.80 8.95 8.72 1.77 16.28 11.76 4.37
jan-june 3.05 13.72 9.84 8.14 1.69 17.59 9.71 3.03
jan-may 4.61 24.98 19.13 10.56 1.69 25.43 7.20 2.73
jan-apr 7.48 39.45 34.34 10.82 1.81 16.67 7.48 3.59
jan-mar 2.18 3.24 4.32 13.91 4.28 46.60 5.51 4.33
dec-july 3.03 9.20 9.15 7.92 2.69 15.66 20.18 9.88
dec-june 3.35 9.90 9.98 7.52 2.62 17.02 19.14 7.95
dec-may 4.76 16.77 17.73 9.20 2.76 23.09 16.70 8.14
dec-apr 6.96 20.14 23.89 9.10 3.01 16.01 16.48 9.99
dec-mar 2.68 3.49 5.42 9.87 7.27 31.16 13.94 13.66
nov-july 1.66 2.08 3.29 2.63 3.1 2.75 1.35 1.31
nov-june 3.39 8.92 9.67 7.10 3.18 20.60 25.44 10.69
nov-may 4.68 13.11 15.60 8.48 3.43 28.01 21.32 11.48
nov-apr 6.51 16.24 19.83 8.46 3.78 19.26 21.02 15.07
nov-mar 2.84 3.43 5.51 8.90 8.28 34.04 17.98 17.83
oct-july 3.64 6.50 7.38 6.27 3.71 18.35 32.07 18.23
oct-june 4.12 6.98 8.03 5.91 3.72 19.90 31.72 15.37
oct-may 5.69 9.02 10.95 7.06 4.09 25.80 26.88 16.45
oct-apr 7.66 10.82 14.96 7.08 4.40 18.91 26.38 19.62
oct-mar 3.42 2.92 4.50 7.25 8.82 29.23 20.77 22.25
sep-july 3.39 5.40 6.73 5.06 4.18 17.56 69.44 38.08
sep-june 3.86 5.81 7.27 4.87 4.26 18.29 62.21 30.68
sep-may 4.93 7.51 9.31 5.64 4.62 21.90 56.34 34.77
sep-apr 6.60 8.70 11.93 5.68 4.90 17.28 52.38 40.22
sep-mar 3.25 2.74 4.31 5.78 9.16 23.34 40.15 43.20
% DO E 0 0 0 0 0 0 0 0 High r2 Spans
o xceedences| 24.97% 25.87% 25.92% 24.26% 22.58% 27.84% 31.11% 27.24%
Year 1991-1993| 1992-1994 | 1993-1995 | 1994-1996 | 1995-1997 | 1996-1998 | 2003-2005 | 2004-2006 sep-june
Median (High r2) 3.37 7.36 8.21 6.08 3.14 17.29 22.81 10.29 I —
Mean (High r2) 3.11 6.88 7.68 5.85 3.34 15.31 32.96 16.43 :
Median 3.64 8.92 9.31 7.52 3.72 19.26 20.77 13.66 decjune
Mean 4.26 10.52 11.28 7.68 413 21.63 25.34 16.12 sep-july
Range 1.66 - 7.66 |2.08 - 39.45 |3.29 - 34.34 |12.63-13.91 |1.69 -9.16 |2.75-46.6 [1.35-69.44 |1.31-43.2 dec-july
Standard Deviation 1.69 8.34 7.24 2.32 2.13 8.15 18.04 12.39

Note: >6 yr return periods are highlighted




De-trending

» De-trending “levels the playing field” when comparing

current flows to historical flows

= Removes flow trends over time
= Urbanization and other impacts apparent in flow data

» De-trending approach

" |s there a significant trend?
* Determined Kendall Tau and p-value

— Increasing trend indicated by positive Tau value

— p-value <0.05 (p-value = 0.0042) for the time-series indicating a
statistically significant trend

= Fit a trend to the resulting time-series
* Linear Least Square Regression (y=mx+c)

* Non-Parametric Regression

— LOWESS - Locally Weighted Scatter Plot Smoother (Helsel and
Hirsch, 1992)
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De-trending

» Determine residuals based on predicted trend

» Add residuals to the last point (maximum value) to generate de-
trended time series

» Confirm that no trend exists in resulting de-trended time series

= zero slope in linear de-trended time series

= p-value <0.05 (p-value = 1.2376) for the LOWESS de-trended time
series (indicating a statistically insignificant trend)

Raw Data with Trend Lines

Poiomac+5usquehanna — — LOWESS [alpha=0.333]
Linear [y = 0.1878x + 23734]

= Defrended Time-Senies — Linear [y = 0.0x + 31307, R2 =1]




De-trending Analysis Results — L/inear Regression

Note: >6 yr return periods are highlighted

% DO Exceedences 25.87% 25.92% 24.26% 22.58% 27.84% 31.11% 27.24%

Year 1992-1994 1993-1995 1994-1996 1995-1997 1996-1998 2003-2005 2004-2006

jan-july 7.53 5.51 5.14 1.41 9.02 6.05 2.49

jan-june 8.57 6.62 4.89 1.39 9.82 5.28 1.97

jan-may 16.31 11.91 6.84 1.41 15.37 3.88 1.85

jan-apr 26.99 22.35 7.73 1.54 10.27 4.50 2.46

jan-mar 2.67 3.36 9.85 3.28 34.34 3.92 3.10

dec-july 6.52 6.34 4.95 1.95 9.54 11.75 5.74

dec-june 7.38 7.36 4.83 1.95 10.73 11.13 4.48

dec-may 11.05 11.80 6.33 2.06 15.37 9.18 4.57

dec-apr 16.93 19.29 6.92 2.28 11.43 10.39 6.93

dec-mar 2.83 4.30 8.35 5.44 26.43 9.67 9.45

nov-july 2.80 4.80 3.61 4.36 3.69 1.46 1.41

nov-june 6.35 7.03 4.60 2.29 14.35 15.47 6.38

nov-may 9.00 10.18 5.63 2.44 19.11 13.24 6.80

nov-apr 12.56 16.41 6.16 2.77 15.06 14.98 9.32

nov-mar 2.75 4.30 717 6.40 29.15 13.42 13.06

oct-july 4.31 4.71 4.05 2.48 12.57 19.18 9.92

oct-june 4.64 5.26 3.96 2.58 13.94 18.36 8.54

oct-may 6.42 7.83 4.53 2.79 18.18 16.63 9.13

oct-apr 8.37 10.70 4.77 3.12 14.50 18.16 13.31

oct-mar 2.29 3.42 5.25 6.88 23.92 15.97 16.78

sep-july 3.75 4.39 3.45 2.81 11.30 40.03 21.57

sep-june 4.00 4.73 3.31 2.87 13.01 42.41 18.94

sep-may 4.91 6.67 3.79 3.13 16.03 37.44 20.99

sep-apr 6.53 8.84 4.01 3.48 12.77 39.63 29.60

Sep-mar 2.14 3.23 4.29 7.21 19.30 32.86 34.85

% DO Exceedences 25.87% 25.92% 24.26% | 22.58% 27.84% 31.11% 27.24% gD = S
Year 1992-1994 | 1993-1995 | 1994-1996 | 1995-1997 [ 1996-1998 | 2003-2005 | 2004-2006 sep-june

Median (High r2) 6.35 6.34 4.60 2.29 11.30 15.47 6.38 hovjune
Mean (High r2) 5.60 5.97 4.23 2.37 11.78 24.16 11.42 :
Median 6.42 6.62 4.89 277 14.35 13.42 8.54 dec-june
Mean 7.50 8.05 5.38 3.13 15.57 16.60 10.54 sep-july
Range 2.14-26.99 [3.23-22.35[3.31-9.85 [1.39-7.21 [3.69-34.34 [1.46 - 42.41 |1.41-34.85 P
Standard Deviation 574 5.02 1.67 1.67 6.85 12.27 8.84




De-trending Analysis Results — LOWESS

Note: >6 yr return periods are highlighted

% DO Exceedences 24.97% 25.87% 25.92% 24.26% 22.58% 27.84% 31.11% 27.24%
Year 1991-1993 1992-1994 1993-1995 1994-1996 1995-1997 1996-1998 2003-2005 | 2004-2006
jan-july 2.25 11.24 8.10 7.33 1.42 11.81 7.30 2.60
jan-june 2.57 13.21 9.07 6.67 1.40 13.47 6.26 1.98
jan-may 3.88 23.61 17.29 8.59 1.44 18.30 4.16 1.88
jan-apr 6.54 38.98 32.42 9.11 1.58 12.20 4.73 2.53
jan-mar 1.98 3.00 3.95 13.24 3.61 44 .48 4.14 3.21
dec-july 2.61 9.21 8.92 7.01 2.06 12.92 15.91 7.02
dec-june 2.99 9.92 9.82 6.55 2.05 14.52 14.78 4,95
dec-may 4.23 17.41 18.11 8.19 2.15 19.58 11.04 4.92
dec-apr 6.39 21.35 25.19 8.30 2.44 13.25 12.00 7.63
dec-mar 2.39 3.18 4.99 9.93 6.51 35.53 11.54 11.12
nov-july 1.73 2.15 3.58 2.65 3.13 2.67 1.30 1.31
nov-june 3.02 8.93 9.61 6.16 2.47 18.92 19.92 7.68
nov-may 4.13 14.14 16.91 7.59 2.62 28.85 17.34 7.96
nov-apr 5.91 17.53 22.63 7.72 3.00 17.97 17.60 10.73
nov-mar 2.47 3.08 4.99 8.85 7.67 44.25 16.87 16.58
oct-july 3.16 6.30 7.20 5.28 2.81 18.23 31.63 14.98
oct-june 3.63 6.83 7.95 4.9 2.85 20.09 30.32 11.10
oct-may 4.95 9.06 11.49 5.97 3.06 28.12 23.30 11.96
oct-apr 7.36 11.36 16.16 6.17 3.45 17.97 22.69 16.49
oct-mar 3.10 2.57 4.14 6.83 8.28 33.96 19.30 20.54
sep-july 3.00 4.97 6.38 4.44 3.18 16.66 81.73 36.71
sep-june 3.32 5.35 7.02 4.21 3.24 18.26 82.60 29.70
sep-may 4.46 7.18 9.27 4.63 3.51 22.56 73.13 34.38
sep-apr 6.09 8.59 12.46 4.76 4.01 16.11 59.30 40.07
sep-mar 2.92 2.37 3.87 5.01 8.65 25.51 44 .82 48.49
% DO E 0 0 0 0 0 0 0 0 High r2 Spans
) xceedences 24.97% 25.87% 25.92% 24.26% 22.58% 27.84% 31.11% 27.24%
Year 1991-1993| 1992-1994 | 1993-1995 | 1994-1996 | 1995-1997| 1996-1998 |2003-2005] 2004-2006 sep-june
Median (High r2) 3.00 8.93 8.92 6.16 247 16.66 19.92 7.68 Rvhne
Mean (High r2) 2.99 7.68 8.35 5.67 2.60 16.26 42.99 17.21 .
Median 3.16 8.93 9.07 6.67 3.00 18.26 17.34 10.73 e
Mean 3.80 10.46 11.26 6.80 3.46 21.05 25.35 14.26 sep-july
Range 1.73-7.36 |2.15-38.98 |3.58 - 32.42 |12.65-13.24 |1.4-8.65 (2.67-44.48 [1.3-82.6 |1.31-4849 dec-july
Standard Deviation 1.57 8.40 7.38 2.23 2.08 10.04 24.13 13.38
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