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Topics

1. What are the long-term seasonal
trends of nutrient and sediment
loads at the reservoir outlet?

2. What are the long-term seasonal
trends of nutrient and sediment
loads at the reservoir inlets?

3. What is the extent of sediment
deposition or scour in the reservoir
on a daily basis (1987-2012)?

4. What is the change in sediment
deposition behavior in the reservoir?

5. What is the sediment deposition
trajectory in the reservoir in recent
years (1987-2012), based on
WRTDS estimates?
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Study Area and Data

//\ﬂ/‘“f‘ﬂ | ‘ O Study sites: 3 stations around the

reservoirs;

1

43°

O Below the reservoir system: 1 USGS
station on the river fall-line at
Conowingo Dam, MD (~99%
freshwater in SRB);

i

a O Above the reservoir system: 2 SRBC
stations at Marietta and Conestoga,
PA (~97.6% of watershed monitored

by Conowingo);

O Data:
« Discharge data (daily);
« Concentration data (semi-
monthly);
v N (TN, DN),
v P (TP, DP),
v SS;

9L

A0

| e

Base from U.S. Geological Survey, U.S. EPA,
and U.S. Census Bureau digital data, 1982-94

e O Method: WRTDS flow-normalization
; 3 GOKILOMETERS method (Hil’SCh et al. 2010)
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SS load at the reservoir outlet (1978-2011) is

Marietta +

Conestoga _
SS (Conowingo) [measured]
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P load at the reservoir outlet (1978-2011) i'
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N load at the reservoir outlet (1978-2011) ii

TN (Conowingo) [measured] i i?jf::%ir
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N, P, and SS loads at the reservoir outlet i'

Marietta +
Conestoga

Reservoirs

Summary (below-reservoir):

O Downward trends of DP and DN loads;

O Upward trends of SS, PP, and PN
loads at Conowingo.

Dissolved vs. Particulate:

O DN&DP reduction: temporary benefits;

O PN&PP increase: potential challenges
(decomposition in summer).
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SS load at the reservoir inlets (1986-2011)
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—e— Apr-Jun

—e— Jul-Sep

\ —A—  Qct-Dec

Reservoirs SRS e
W

C O n OWi n gO 1985 1990 1995 2000 2005 2010

s@ JOHNS HOPKINS | wiHITING SCHOOL OF ENGINEERING ~ Geography & Environmental Engineering




P load at the reservoir inlets (1986-2011) 6

TP (Marietta+Conestoga) [measured] B JA%T:%?
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N load at the reservoir inlets (1986-2011) 6
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SS, N, and P loads at the reservoir inlets (1986-2011) 6

Summary (above-reservoir):

:> O Downward trends of SS, P (TP, PP, DP),

and N (TN, PN, DN) loads from Marietta
and Conestoga in all seasons;

O Effective management controls in the non-
tidal SRB above the reservoir;

O However, identification of relative

Rese rVO] IS contribution of different management

actions is unclear.

Conowingo
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Mass Balance Analysis 6
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Daily 55 Scour, Ka'day
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De+00 20408 4a+089

Daily Sediment Scour/Depaosition

[1986-1990]

in the Conowingo Reservoir

(1986-2012)

Red pts: Scour
Dashed line: 0

Black pts: Deposition

Plot scale: Equal
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2010




Da+00 2e+08 4a+00

Observation:

Daiy 55 Scour, Ko'day

Oe+00 Z2e+08 d4e+0D Da+00 2e+08 d4e+0D

Oe+00 2008 4a+08

De+00 20408 4a+089

[1986-1990]
* Frequency: more scours (on average) in recent years;
* Magnitude: more severe scours in recent years.

----- S es——— o A total of 9 days with scoured SS load greater than 100 million
1086 tae7 Kg (all with flow greater than 340,000 cfs or 9,500 m3/s).
[1991-1995] |

Date Inflow (cfs) Outflow (cfs)  SS Scour (Kg)
1/21/1996 5.6E+05 6.2E+05 1.20E+08

—-—ﬂnl—-l—_l— 9/19/2004 5.1E+05 5.0E+05 2.90E+08
1981 1002 9/20/2004 5.1E+05 5.5E+05 9.90E+08
[1996-2000] 6/29/2006 4.2E+05 4.0E+05 1.30E+08

4/30/2011 3.4E+05 3.2E+05 1.10E+08
9/8/2011 5.8E+05 5.9E+05 3.10E+09
@_,"_ 9/9/2011 6.5E+05 7.1E+05 5.20E+09
o0 a7 9/10/2011 4.8E+05 4.9E+05 1.50E+09
9/11/2011 3.4E+05 3.6E+05 3.90E+08
[2001-2005]
n >
2001 2002 2003 2004 2005 /}A 2006
[2006-2012)]

2008




Daily 55 Scour, Kg'day
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Observation:
Frequency: less depositions (on average) in recent years;
Magnitude: less high deposition days in recent years.

Red pts: Scour

Black pts: Deposition
Plot scale: Equal
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Sediment Deposition by Flow Classes (only deposition days)
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Sediment Deposition by Flow Classes (only deposition days)
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Sediment Deposition by Flow Classes (all days)
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Annual Changes in Storage 6

Sediment Scour or Deposition (Kg/day)
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Summary

« Sediment and nutrient loading trends were reconstructed at Marietta,
Conestoga, and Conowingo using the WRTDS method.

« Downward trends of SS, P (TP, PP, DP), and N (TN, PN, DN) loads were
observed for the Susquehanna watershed above the reservoir system,
indicating effective management controls in the watershed.

* Increasing amounts of SS, PP, and PN are entering the Bay as the result of
major loss in reservoir performance, which will pose significant challenges to
attainment of TMDL goals for the SRB.

« Scour events have become more frequent, and the extreme scours have
become more severe in recent years.

» As the reservoir fills up, deposition has been generally decreasing during not
only the highflow events, but also the moderate-flow events.

« WRTDS-derived deposition trajectory seems to match with Conowingo
bathymetry results reasonably well (1987-2012).
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Annual Changes in Storage (preliminary)

Sediment Scour or Deposition da
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Conowingo Sediment Storage since 1929 (preliminary)

Sediment Deposition Trajectory in the Conowingo Reservoir

1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
O-OE+OO |l||i||||i||||i||||i||||i||||i|l||i||||||||IIII LELELEL LELELEL LEELELEL rrru IIIIIIIIIIIIII LELELEL

| ® WRTDS (output at Conowingo} & WRTDS (input at

Marietta and Conestoga}
B @ WRTDS (output at Conowingo} & WRTDS {input at

Marietta, transformed from Harrisburg estimates)

2008

i @ Rating Curve {output at Conowingo} & WRTDS (input at 1993]996
| Marietta, transformed from Harrisburg estimates} m "
@ Rating Curve (output at Conowingo} & Rating Curve 1999- -

5.0E+07 +- (input at Marietta}
Bl USGS bathymetry data

Trajectory {current study) -

- — — Fitted line to USGS bathymetry data (polynomial}

1.0E+08

=
O
un

y=20377x% - 8E+07x + 8E+10 , - —
- R? = 0.9992 P Methodology: (subject to further revision)
- { ’ 1. The curve was reconstructed using 2008 sediment storage capacity

(measured via bathymetry mapping by USGS) as benchmark.

2. Annual sediment deposition was estimated as the difference between
input and output loadings of the Lower Susquehanna River Reservoir
System (LSRRS) (Note that deposition in two upstream reservoirs are
not considered, which is subject to further .

3. WRTDS method was applied to Marietta, Conestoga, and Conowingo,
and Harrisburg for period with SS sampling.

4. Rating curve method was applied to Marietta and Conowingo for
(earlier) period without SS sampling. For better accuracy, rating curves
were developed for each month of the year at both stations.

5. Loading from the small unmonitored watershed above Conowingo

| was extrapolated from Conestoga (1987-2012) or Marietta (1932-1986).

Remaining Sediment Storage Capacity (tons)

1.5E+08

2.0E+08




Method: WRTDS*

Output A: “true-condition” daily concentration and load

O using daily streamflow data and roughly semi-monthly concentration data, the
method generates complete time series of *daily* loading and concentration
estimates;

O weighted regression was implemented using selected samples that are
proximate to the estimation day to make estimation;

O helpful to understand the impact of nutrient and sediment on the Bay ecosystem.

Output B: “flow-normalized” daily concentration and load

O the method generates complete times series of *daily* loading and concentration
estimates;

O link the estimation to full hydrological cycle associated with the estimation day;

O helpful to assess progress of management actions by largely removing impacts
induced by variability in streamflow.

Daily estimates - monthly average, seasonal average, annual average, etc




Example: NO, observational data at Conowingo (1945-2011)

(a) Jan—Mar Data (Conowingo)

v NOx, in mg N/L
¥ T —— Discharge, in 1000 cfs

(b) Apr—Jun Data (Conowingo)

¢ NOx, in mg N/L
—— Discharge, in 1000 cfs

o —
T T T T T T T T T
1950 1960 1970 1980 1990 1950 1960 1970 1880 1990
w " o -
(c) Jul-Sep Data (Conowingo) (d) Oct-Dec Data (Conowingo)
O NOx, in mg N/L A NOx, in mg N/L
= ~—— Discharge, in 1000 cfs —— Discharge, in 1000 cfs
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Example: NO, seasonal estimates at Conowingo (1945-2011)

Seasonal Ave

True-condition

Flow-normalized

Concentration

06 08 1.0 1.2 1.4 16

04

Jan-Mar
Apr-Jun
Jul-Sep
Oct-Dec

1.1 mg N/L

1950 1960 1970 1980 1990 2000

2010

1950

1960 1970 1980 1990 2000 2010

Load

JOHNS HOPKINS
\;»),l UNIVERSITY

0.5 1.0 15 2.0 25 3.0

0.0

1.0=110,000 Kg N/day

14

%

i

0.5 1.0 15 2.0 25 3.0

0.0

______

vvvvv

v
Vg
Tav T

N
vvvvvvvv
o

110,000 Kg N/day

1950 1960 1970 1980 1990 2000

2010

1950

1960 1970 1980 1990 2000 2010

{ WHITING SCHOOL OF ENGINEERING = Geography & Environmental Engineering




