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Groundwater Study (GW) Objectives

e 7.5.4.1.1 Data Synthesis

e 7.5.4.1.2 Geohydrologic
Process-Domains

 /.5.4.2 Watana
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* 7.5.4.3 Upwelling/Springs {1~ ", . -/
Broad-Scale Mapping il

Surface-\Water Temperature (Upper Side Channel 11)

Lower end of Slough 11, FA-138 Gold
Creek Focus Area, November 8, 2013.
= Water temperature data in Slough 11 and

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. Upper Side Channel 11




Groundwater Study (GW) Objectives

e 7.5.4.4 Riparian GW/SW
e 7.5.4.5 Aquatic GW/SW

e 7.5.4.6 Water Quality in
Selected Habitats

e 7.5.4.7 Winter GW/SW

e 7.5.4.8 Shallow
Groundwater Users

FA-138 Gold Creek, Upper Side Channel 11,

—- before main channel freeze-up conditions,
) Clean, reliable enerqy for the next 100 years.
SUSITNA-WATANA HYDRO  Clean, reliable energy for the next 100 years November 8, 2013




GW Study Schedule
ey Lme e e
y 1Q 2Q 3Q.4Q(1Q 2Q 3Q 4Q[1Q 2Q 3Q.4Q[1Q 2Q

7.5.4.1.1 Existing Data Synthesis

7.5.4.1.2 Geohydrology Process-Domains and Terrain —_—

7.5.4.2 Watana Dam/Reservoir

7.5.4.3 Upwelling/Springs Broad-Scale Mapping

7.5.4.4 Riparian Vegetation Dependency on SW/GW Interactions

7.5.4.5 Aquatic Habitat GW/SW Interactions

7.5.4.6 Water Quality in Selected Habitats

7.5.4.7 Winter GW/SW Interactions

7.5.4.8 Shallow Groundwater Users

Initial Study Report /Updated Study Report A A

— — Planned Activity A |nitial Study Report
SUSITNA-WATANA HYDRQO Clean, reliable energy for the next 100 years. ..
--------- Follow-up Activity A Updated Study Report




GW Hydrologic Study Schedule

USGS Susitna River at Gold Creek Gauging Station, 15292000
Daily Discharge for 2009 to 2012 Period with POR Median
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SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




GW 2013-Q4, 2014-Q1 Status

7.5.4.1.1 Data Synthesis

» Review and summaries in Q4, Q1
7.5.4.1.2 Geohydrologic Process-
Domains

» Review and summaries in Q4, Q1

7.5.4.2 Watana Dam/Reservoir
» Field Recon of Upper Reservoir — Q4
» End of Season Conditions in Q4, Q1
7.5.4.3 Upwelling/Springs Broad-
Scale Mapping

» Thermal Infrared Imaging
Coordination— Q4

» Review and Summaries - Q4, Q12 FA-144 Slough 21, upper and lower
—Z sections of Slough 21 showing beaver dam

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. co ntro|s’ November 8’ 2013




GW 2013-Q4, 2014-Q1 Status

e 7.5.4.4 Riparian GW/SW

» Data Stations Completed in Q4

» End of Summer, Early Winter
Hydrology Observations in Q4

» Data QC, Modeling, Analysis in Q1
e 7.5.4.5 Aquatic GW/SW

» Data Stations Completed in Q4

» End of Summer, Early Winter ’
Hydrology Observations in Q4 Pa

» Data QC, Modeling, Analysisin Q1 FaA-144 5|

ough 21, upper section of Side
Channel 21 are part of FA144 study

- activities, July 15, 2013, and November 8,
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. 2013




GW 2013-Q4, 2014-Q1 Status

e 7.5.4.6 Water Quality in
Selected Habitats
» Primary Activities Started Q4 SR e,
» Coordinated Winter Sampling in Q1

e 7.5.4.7 Winter GW/SW ’

» 2013/14 Early Winter Trips in Q4
» 2014 Winter Trips in Q1

e 7.5.4.8 Shallow
Groundwater Users

> Final 2013 Installations in Q4
» Data QC, Analysisin Q1
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FA-141 Indian River, side slough upstream

ian River r and lower ver
=3 of India er, upper and lower beave

SUSITNA-WATANA HYDRO  Clean, reliable energy for the next 100 years, dams, early winter November 8, 2013.




GW RSP 7.5.4.1.1 - Data Synthesis
Highlights

e Continued Review of
Literature Index Sources

— ARLIS, UAF, Canadian, other
 Review of North Latitude
Countries for Hydropower

and Groundwater and
Surface-Water Topics

e Coordination with Ice

P Focesses Stu dy FA-128 Slough 8A, upper portion of Slough
8A, beaver pond looking downstream,
o November 8, 2013
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




GW RSP 7.5.4.2 - Watana Dam/Reservoir
Highlights

e |dentification of 2013
End-of-Summer
Conditions, Q4

* Field Visit to Upper End of
Proposed Reservoir With
FS/Riparian to Document
Riparian and Hydrology
Conditions in Q4

~ REViEW and AnaIYSiS in Ql Proposed high-pool eIevionare (arked

by helicopter helmet) for reservoir, looking
— downstream, and upstream, armored bank
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. ConditionS, November 8’ 2013




GW RSP 7.5.4.3 - Upwelling/Springs Broad-
Scale Mapping Highlights

* |Interaction with Water
Quality Studies for Fall
Thermal Infrared Imaging,

Q4

Whiskers Slough & Whiskers Creek - 15-Minute Samples
60 T T T T T 28

 Coordination with Ice e i %
St e — N h "”:
Processes, IFS — Q1 = ek

W Now13 DAMNey 1T OAMow il S8Now 1l W Novid 2 NHov i3 Mhowll J6Nav 1)

* Data Analysis — Q1 ~ LTI
FA-104 Whisker Slough, Early winter view of Whisker
Creek (left, darker) and Whisker Slough (right, clear),
— ESGFA104-5 (center of photo) well located between,
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. temperature data' November 8’ 2013




IFS Task3 Winter Gaging Q4 - GW 7.5.4.4
2013/14 Winter Coordination

e 2 Measurement Periods,
Early February 2014 (Q1),
Late March/Early April 2014 |

* Coordination with IFS, Ice
Processes and Groundwater [« 4
Studies, USGS

* Discharge, Stage, Ice
Thickness and Elevation,
Snow Cover, Frazil Ice R/,
Geovera staff conducting RTK surveying at

— ESS40, GW Scientific and Brailey
SUSITNA-WATANA HYDROQ Clean, reliable energy for the next 100 years. Hyd rologic ice dr||||ng’ Janua ry 2013




Integrated Riparian Groundwater
(RIPGW) Studies

Riparian IFS 8.6

Riparian
Vegetation
Study 11.6

Groundwater
Study 7.5

—z
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




GW RSP 7.5.4.4 — Riparian GW/SW Highlights

* Q4 — End of Season Data
Collection, Methods and
Data QC

e Q1 - Data QC, Analysis,
Groundwater Model

Development
FA-104 Whisker Slough, Riparian IFS Study
trees, prepared for winter period at sap-
flow measurement locations, sensors will
be reinstalled in spring, November 2, 2013

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




ESMFA104-2 |
ESGFA104403 |

WHlskefs -',;.
‘Slough, Fal

'4

ESGFA104°6

Whiskers
Creek :

5 Existing ‘ - 2shallow
ESSFA104+1 BT 0 e S . 2 &7 Wells (only)
¥ (“:S) ,‘ No Data
A __ Aquisition
ESGFA104- 8 | ESGFA104-14 =

ESGFA104-9
ESGFA104-12 ESGFA104- 15

: ; FA-104, Whiskers Slough FA -
Pink Spawning M
Area (IFS) GW Task5 Riparian and*

_ ESGFA104-11 GW Task6 Aquatic Transects
SUSITNA-WATANA HYDRQO Clean, reliable energy for the next 100 years.



ESGFA115-4

2 Shallow! = ¥ |
WeIIs (onlkl'-,,; g

K115 /. ESGFAL15-7

ESGFA115 6

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.
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SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.
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SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




Sockeye and Chum
i) : Spawr_}iﬂg Area (IFS)

FA-{3/§, oId Creek Focus Area, G Task Aquatic, k5 Riparian Stations

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




FA-138, Gold Creek Focus Area
Upland Wetland Hydrology Observations

-

e How Are Upland
Sloughs and

Wetlands Impacted /

By River Stage
ESGFA138-7
Levels?

* How Does this Vary /

Over The Annual

ESGFA138-7-
' ?
Hydrologic Cycle: S \

e At What Scale are

GW/SW Interactions " o R,

. 9 FA-138, Gold Creek Focus Area, Right Bank Upland Sloughs and
Slgmflcant : Wetlands, during heavy rainfall and precipitation flood peak on the
Susitna River, August 22, 2013

ESGFA138-6

\_4/

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




FA-138, Gold Creek Focus Area
Upland Wetland Hydrology Observations

* Does Recharge From ESGFA138-6
Groundwater Help Tk
Maintain Wetland ./""‘
Vegetation?

e What Winter
Observations Help
Understand This?

 What Snowmelt
Transition
Observations Help
Understand This?

—z
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.

FA-138, Gold Creek Focus Area, Right Bank Upland abandoned
beaver pond during periods of heavy rains, November 8, 2013




FA-138, Gold Creek Focus Area
Upland Wetland Hydrology Observations

* Future Shallow ESGFAL38:8
Groundwater and
Surface Water Level
Monitoring

e Seasonal
Observations

* Measuring
Interactions (Or Lack
Of) With River Stage

B Lty r &
> s e [N
B ALY .
P, b e odb -y
72 Tl A+ %
. - £ g
2 Ry s A o
AP b :
Y . \ R
i oM. . Ain. SN

Changes ’ |
FA-138, Gold Creek Focus Area, Right Bank Abandoned Upland
Sloughs and Wetlands, During Periods of Heavy Rain, August 22,
= 2013

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




GW RSP 7.5.4.5 — Aquatic GW/SW Highlights

e Q4 - Shallow GW Wells,
Stations, Survey Control,
End-of-Summer Data
Collection complete

e Q1 - Data QC, Analysis,
Groundwater Model
Development

FA-104 Whisker Slough, came camera
installation to record surface-water

— hydrology, snow, vegetation features,
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. October 3 1’ 2013
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SUSITNA-WATANA HYDRQO Clean, reliable energy for the next 100 years.
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Sockeye and Chum
i) : Spawr_}iﬂg Area (IFS)

FA-{3/§, oId Creek Focus Area, G Task Aquatic, k5 Riparian Stations

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




GW RSP 7.5.4.6 — Water Quality in Selected
Habitats Highlights

ESGFA113-1, ESGFA128-7 & ESGFA138-1: ESGFA104-4, ESGFA113-1, ESGFA128-13 & ESGFA138-1:
Surface Water Temp. Comparison - Sample 15-Minute Values Groundwater Temp. Comparison - Sample 15-Minute Values
40 - T T T I T T Al I s T ks T T - 392 T 1 T T 1 T
5.2 - . : ; - : H41.4
s 3.0 ;a/\-\/\ 1 T =N =374 o s 50k ! S NS | ! 1 441.0°
v FRAN A T » - — s o S »
220" \,\j ' ' ~ : 1356 2 g 481 = B ' ' i -
© N { © © R e a— o | - ©
b = = 4.6 r - 440.3 =
g. 1.0 | IRV | ! [ o | 33.8 g. 8. | g
g ‘ 44 | ; : : : : ~439.9
£ \\“F/Q“_/’:j___ﬁ/» 8 T ] &
0.0} ‘ | — . A - 1320 42 i , ~ — ~—————-139.6
L I L I I I 4.0 - 1 1 1 1 L 1 — 39.2
02-Nov-13  04-Nov-13 06-Nov-13 08-Nov-13 10-Nov-13 12-Nov-13 14-Nov-13 16-Nov-13 02-Nov-13 04-Nov-13 06-Nov-13 08-Nov-13 10-Nov-13 12-Nov-13 14-Nov-13 16-Nov-13
—— ESGFA113-1 - Surface-Water Temperature (Unnamed Creek) —— ESGFA104-4 - Groundwater Temperature (Well W1)
—— ESGFA113-1 - Surface-Water Temperature (Oxbow1 Side Channel) —— ESGFA113-1 - Groundwater Temperature (Well W1)
ESGFA128-7 - Surface-Water Temperature (Slough 8A) ESGFA128-13 - Groundwater Temperature (Well W2)
——— ESGFA138-1 - Surface-Water Temperature (Slough 11) ——— ESGFA138-1 - Groundwater Temperature (Well W1)

Examples of empirical data collection across several Focus Areas, helping to characterization the

natural ranges of groundwater and surface-water temperature variations throughout the annual
hydrologic cycle.

e Q4 —Coordination with WQ, Winter Studies, Data QC

e Q1 - Data QC, Analysis, Coordination with Winter
Studies

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




GW RSP 7.5.4.7 — Winter GW/SW Highlights

e Q4 — Start of 2013/14
Winter Studies

* Q4 — Begin Main Winter
2013/14 Observations

* Q1 — Monthly Trips to
FA-104 Whisker Slough,
FA-128 Slough 8A, FA-138 _ .
Gold Creek FOCUS Areas FA-128 Slough‘éA,Lower Section ofSIough‘

8A, location of ESGFA128-13 station, surface-
— water icing conditions are affected by
SUSITNA-WATANA HYDRO  Clean, reliable energy for the next 100 years. groundwater upwelling, November 8, 2013




GW RSP 7.5.4.8 — Shallow Groundwater
Users Highlights

v -‘ 4

* Q4 — Completion of Station
Installations for 2013
Objectives

e Q1 - Data QC and Analysis

e Three wells in FA-138 Gold
Creek Focus Area will also
help Focus Area

5 . e
Investigations orslough 11 . g
New residential well installed in FA138 Gold
—Z- Creek area, adjacent to Slough 11, will be used by
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. StUdy, October 3 and November 8, 2013




GW RSP Variances

* No Variances Have Been ldentified Through
the Ongoing Summer and Earlier Winter
2013 Field Efforts

\4/
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years




2013/14 Coordinated Winter Studies

e Coordinated IFS/Fish/GW
Study Teams, Data

* Oct/Nov — Fall Freeze-up

* November — Early
Fish/GW Observations

* Jan, Feb, Mar, April —
Intensive Field Trips

e Spring 2014 Breakup

FA128 - Slough 8A beginning of breakup;

e Whiskers Slough side channel inlet, May
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. 25, 2013




2013/14 Coordinated Winter Studies

 Three Main Focus Areas
— FA138 Gold Creek
— FA128 Slough 8A
— FA104 Whiskers Slough

 Additional Sites in
Vicinity in Each FA

e Synoptic Data Collection
and Observations

FA128 - Slough 8A beginning of breakup;

— Whiskers Slough side channel inlet, May
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years. 25, 2013




2013/14 Coordinated Winter Studies

* Additional Hydrology Data
Collection, Automated
Stations
— FA113 — Oxbow1l

— FA115 — Slough 6A
* Additional Hydrology Data

Collection, Manual
Measurements

— FA141 - Indian River
— FA144 - Slough 21

FA104 - Whiskers Slough, side channel
inlet following major ice jam flooding,

—Z- confluence of Whiskers Creek and
SUSITNA-WATANA HYDRQO Clean, reliable energy for the next 100 years. Whiskers S|Ough’ May 27’ 2013




2013/14 Coordinated Winter Studies

SuWa GW 2013-14 Winter Planning Information

USGS Susitna River at Gold Creek Gaging Station, 15292000
40'000 1 Ll 1 1 1 A 1

L Fall Spring i
35,000 -Transition Transition—

- Period Period M/S
30,000 - —

25,000

20,000

15,000 Winter Period Derived from

Daily Mean Discharge, In CFS

Winter Q Measurements,
10,000 IFA Task3 Winter Gaging +USGS

5,000
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WY 2012, Preliminary Fall Data
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— Median, 50% Exceedance

90% Exceedance

\4/
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




2013/14 Coordinated Winter Studies

SuWa GW 2013-14 Winter Planning Information
USGS Susitna River at Gold Creek Gaging Station, 15292000

40,000 T T T T T T T
L Fall Spring 4
35,000 -Transition Transition—
- Period Period '/S
30,000 - —
25,000

20,000
Approximate IFS/FISH/GW Trip Dates

15,000

Daily Mean Discharge, In CFS

10,000

November 5, 2013
7,000 to 6,500 cfs

[N

- —k_& <
lce? T — e e == = ={"Ice?

Oct Nov Dec Jan Feb Mar Apr May
WY 2012, Preliminary Fall Data

- 10% Exceedance

— Median, 50% Exceedance

90% Exceedance

\4_/
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




2013/14 Coordinated Winter Studies

 Winter Is Here — Data is Being Collected

ESGFA138-2: Combined Water Temperature at
Well W1, well W2 & Upper Side Channel 11 - 15-Minute Samples FA138 — Gold Creek

Ll T
5.0 t t t 441.0 .
i e Upper Side Channel 11
" :
¢ 20} , . {37.4 s
< ! m
s 20 3865
v
=4
g g Slough 11
[ &
0.0} T 1 — ' 432.0 .
| | | | ! ESGFA138-1: Combined Water Temperature at
02-Nov-13 O4.Now-13 O6-Noy-11 D8-Mov-13 10-Now-13 12-Now-13 J4-Now-13  E6-Nav-13 well W1, Well W2 & 5|ough 11 - 15-Minute Samples
| | |l T 1 1] T
— Groundwater Temperature {(Well W1) 45F e S S — S 0.1 w“
e Groundwater Temperature (Well W2) 4.0 392 g
Surface-Water Temperature (Upper Side Channel 11) ]
« 35} . 4383 @
v
o
E 30} 1 1 t 41374 E
[ ©
2.5 . 36.5
02-Nov-13  O4.Now-13 o&u;v.n m-N;vJ? m»;vn TNov13 ANcri3  T6Nav13
— Groundwater Temperature (Well W1)
e Groundwater Temperature (Well W2)
Surface-Water Temperature {Slough 11)
\4/

SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




2013/14 Coordinated Winter Studies

 Winter Is Here — Data is Being Collected

ESGFA104-9: Combined Water Temperature at
Well W1, Well W2 & Whiskers Slough - 15-Minute Samples

‘ FA104 — Whiskers Slough
5.0 41.0
5 sof | <37j~§§ Whiskers Slough
22.0 356 i
Elof 33485
i T I IS S B Whisker Slough Side Channel

I " "
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ESGFA104-10: Combined Water Temperature at

— Groundwater Temperature (Well W1) Well W1, Well W2 & Susitna River Mainstem - 15-Minute Samples

——  Groundwater Temperature (Well W2) 46 T T T T T 20.3

Surface-Water Temperature (Whiskers Slough) u 4al 4 ! } 399 o

u 42 296y

2 40 ' +— i {39.2 2

g g

2_ s [ ! 438.8 g

E 36} ; —% t 438.5 5

# aat {3817
32 L 7.8

Il 1 1 It
02-Nov-13 O4.Nov-13 O6-Nov.11 D8-MNov-13 10-Noy-13 12.Now-13  J4-Now-13  E6-Nav-13

— Groundwater Temperature (Well W1)
e Groundwater Temperature (Well W2)
Surface-Water Temperature (Susitna River Mainstem)

~—
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




2013/14 Coordinated Winter Studies

e Streambed Temperature Profile Measurements

e

FA138 —Gold Creek, 10/18/13
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2013/14 Coordinated Winter Studies

e Early Winter Field Observations, Ice Cover
Development

FA104 — Whiskers Slough, 10/29/13 FA104 — Whiskers Slough, 11/8/13
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2013/14 Coordinated Winter Studies

e Early Winter Field Observations, Ice Cover
Development

=
21

FA104 —Whiskers Slough, 11/25/13
—z
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2013/14 Coordinated Winter Studies

e Early Winter Field Observations, Ice Cover, Jams

Susitna River Above Whiskers Creek (ESS40):
Water Height over Sensor - Average 15-Minute Values
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2013/14 Coordinated Winter Studies

e Early Winter Field Observations, Ice Cover, Jams

ESGFA104-10: Combined Water Height at
Well W1, Well W2 & Susitna River Mainstem - 15-Minute Avg.
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e Early Winter Field Observations, Ice Cover, Jams

2013/14 Coordinated Winter Studies

ESGFA113-1, ESGFA128-7 & ESGFA138-1:

Surface Water Temp. Comparison - Sample 15-Minute Values

Temperature, *C
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ESGFA113-1 - Surface-Water Temperature (Unnamed Creek)
ESGFA113-1 - Surface-Water Temperature (Oxbow1 Side Channel)
ESGFA128-7 - Surface-Water Temperature (Slough 8A)
ESGFA138-1 - Surface-Water Temperature {Slough 11)

ESGFA104-4, ESGFA113-1, ESGFA128-13 & ESGFA138-1:
Groundwater Temp. Comparison - Sample 15-Minute Values

Temperature, *C
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e ESGFA104-4 - Groundwater Temperature (Well W1}
—— ESGFA113-1 - Groundwater Temperature (Well W)
ESGFA128-13 - Groundwater Temperature (Well W2)
ESGFA138-1 - Groundwater Temperature (Well Wl)

-

~
Temperature, °F
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ESGFA138-1 & ESGFA138-2:

Groundwater Temp. Comparison - Sample 15-Minute Values

Temperature, *C
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- ESGFA138-1 - Groundwater Temperature (Well Wl)
—  ESGFA138-1 - Groundwater Temperature (Well w2)

ESGFA138-2 - Groundwater Temperature (Well wl)
e ESGFA138-2 - Groundwater Temperature (Well W2)

ESSFA128-1, ESGFA128-7 & ESGFA128-13:
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Surface Water Temp. Comparison - Sample 15-Minute Values
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. ESSFAL128-1 - Water Temperature Avg (PT1)
e ESGFA128-7 - Surface-Water Temperature (Slough 8A)
ESGFA128-13 - Surface-Water Temperature (Slough 8A)



2013/14 Coordinated Winter Studies

e Early Winter Field Observations, Ice Cover, Jams

11/21/13

>-20C

12/3/13 11:00
-15C
-10C

FA-104 —Whiskers Slough FA-128 — Slough 8A
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Groundwater Study

e Thank You!
e Questions?

e More information at:

www.susitna-watanahydro.org

FA-128 Slough 8A, side channel camera
installation to help record hydrology and

ice process interactions, November 3,
2013
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