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Groundwater Study Modeling

e Why Model?

— Understand processes we can not easily see place

— Bracket the range of processes interactions

— Use in combination of other data and studies to
guide reasonable estimates of groundwater
conditions and potential changes outside the range
of natural variability

— To address specific questions
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Aqguatic and Riparian Resources

* Inter-Related | ™= e’
* IMmpa cts on
Riparian =
mpa ctson |\ SN O >
Aquatic | \ VN
* Groundwater
Questions
Have Ma ny Note: Groundwater System
Is Incompletely Described
Ove rl a pS Habitat types identified in the middle reach of the Susitna
River during the 1980s studies (adapted from ADF&G

— 1983; Trihey 1982).
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Groundwater Study Modeling & Analysis

* Key Questions:
— Aquatic Questions

 What groundwater processes (magnitude, duration,

timing) are important for lateral habitats (side channels
and sloughs)?

* Under Project operational scenarios, how will lateral
habitats be impacted by?

— Higher water levels in winter?
— Lower water levels in summer?

* Will sources of groundwater change in lateral habitats,
both in terms of quantity, level and quality?
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Groundwater Study Modeling & Analysis

e Key Questions:

— Riparian Questions
* Will Project operations result in lower groundwater levels in
the floodplain during summer periods and to what extent?

* To what extent are groundwater levels dependent on surface
water levels in the main channel?

* Will precipitation (snowmelt, rainfall) and groundwater inflow
be sufficient for limiting Project influences on riparian
vegetation?

* To what extent do these differences vary in multiple
geohydrologic and floodplain types?
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GW Hydrologic Study

USGS Susitna River at Gold Creek Gauging Station, 15292000
Dally Discharge for 2009 to 2012 Period with POR Median
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Groundwater Study Analysis Process
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Groundwater System Examples
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Figure 14. Surface-water exchange with ground water in the hyporheic zone is associated with abrupt changes

in streambed slope (4) and with stream meanders (B).
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Groundwater System Examples
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How Does The Natural System Work?

USGS Susitna River at Gold Creek Gauging Station, 15292000

Daily Discharge for 2009 to 2012 Pariod with POR Median Consider These Surface Water
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Would There Be Project Effects?
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Groundwater/Surface-Water Interactions
Data Collection + Modeling = Process Understanding

S8 E ] o
S s | 2| E 2% 5 48
5 2 | 5| 2 £5 S £8
k-] = =] 3 a o s
< Flood Levels S < = 24
\4 \ 4 v
Water~. __ - -
Table Stage Fluctuating Stage
Recorder Water Table Recorder
Regional
Groundwater
V¥ Wells, Soil Temperature, Soil Moisture Gradient and

V¥ Stage Recorder Fluctuations

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




Cross-Section Model Examples
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ross-Section Model Examples
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Groundwater System Examples

HIGH RIVER STAGE Ground surface

Ground-water Water table

flow direction

River River discharges into the aquifer
channel

LOW OR NORMAL RIVER STAGE

Kl

Aquifer discharges into the river
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Groundwater Study Modeling

e Major Objective:

— Improve Process Understanding of GW/SW
Interactions

 Major Model Inputs:
— Main Channel/Side Channel River Stage
— Precipitation
— Groundwater Boundary Conditions
— Hydrogeologic Aquifer Properties
— Topographic Surface and Surface-Water Features
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Groundwater Study Modeling

e Modeling Timescales:

— Transient, Annual, Multi-Year

— Major Hydrologic Periods
* Spring Breakup
* Summer
* Fall Freeze-Up
* Winter

— Field Data Collection Design For These Periods

\4_/
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Groundwater Study Modeling

* Modeling Dependencies:

— Summer and Winter Main Channel Stage Levels
* Open Water Flow Routing Model

— 15 minute to daily stage data at cross-section location, or close
enough to apply shifts

 Winter Ice Processes Model

— 15 minute to daily stage data at cross-section location, or close
enough to apply shifts

\4_/
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Major Groundwater Model Inputs

USGS Susitna River at Gold Creek Gauging Station, 15292000
Dally Dlscharge for 2009 to 2012 Period with POR Median
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Groundwater Study Modeling

e Modeling Units:

— Stage or Water Level = Feet Above Sea Level
(Project Datum Standards)

— Flux or Discharge = Cubic Feet per Second (cfs)

— Horizontal Coordinates = State Plain to Project
Datum

\4_/
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Groundwater Study Modeling

e Focus Areas with Groundwater Modeling:

— FA104 — Whiskers Creek
* (1) Riparian 2-D Transect Model
* (2) Small Aquatic 2-D Transect Models

— FA115 - Lane Creek — Slough 6A
* (1) Riparian 2-D Transect Model
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Groundwater Study Modeling

e Focus Areas with Groundwater Modeling:

— FA128 — Skull Creek Complex — Slough 8A
* (2) Riparian 2-D Transect Model
* (2) Small Aquatic 2-D Transect Models
* (1) Combined Aquatic/Riparian 3D Model
— FA138 — Gold Creek
* (2) Small Aquatic 2-D Transect Models
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Legend
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Vegetation Class

B <

- Balsam Poplar Woodland

- Closed Baisam Poplar

I closed Poplar Woodiand—Alder Tall Shrub

Il Closed Tall Willow

I open Baisam Poptar Forest

[ Open Low Wilow

I Oren Poplar Woodland—Alder-Willow Tall Shrub
| Open Spruce-Balsam Poplar Forest

I ~-rtially Vegetated

[T spruce-Balsam Poplar Woodland

7 spruce-Paper Birch Woodland

.}"Summer, Winter

Stage ESSF\128-157" 1

ESGFA128-25
ESGFA128-24

ESGFA128-23

0.25 ' 0.5 Miles

_»_ Skull Creek Complex FA (SIough 8A) Aquatlc and Riparian Stations
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




Legend
Vegetation Class

B <

I saisam Poplar Woodland

- Closed Balsam Poplar

I Ciosed Poplar Waodiand-Alder Tall Shrub
I Closed Tall Willow

- Open Balsam Poplar Forest

[ Open Low Wilow

B Ocen Poplar Woodland—Alder-Willow Tall Shrub
i\l Open Spruce-Balsam Poplar Forest

Il -rtially Vegetated /
I spruce-Baisam Poplar Woodland : /
777 spruce-Paper Birch Woodland /

T

-

y \‘/;Sockeye and ChUm

w4 Spawnmg Area (IFS

0.25

-

;ﬂ

= Skull Creek Complex FA (Slough 8A) Riparian Transects
SUSITNA-WATANA HYDRQ Clean, reliable energy for the next 100 years.




ESGFA115-4 5
2 Shallowt!

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




Fish use site 113.8
Ranking: 2

—-—/ . -
302 Slash Cr

Fish use site 114.8 Fish use site 115.1

F GW. Task6 Aquatic -
Stutly Afed . &g

-+

Ranking: 1 Ranking: 1

B

-

FA-113, Oxbow 1 FA~ GW Task6 Aquatic Transect

D ENERGY AUTHORITY

= y, AP ) ;
Legsod i-: w "';. ’ e o
e |nstream Flow Focus Area (Upper and Lower Extent) X £ AR
0 1,000 '

€  FlowArow
s s S e B ST

O  Project River Mile

Projection: Alaska Albers NAD 1983
Duate Createa 57/20135
Map Autor R2 - Jeetta Zadiotney

Crthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project

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




ESMFA104-2 |
ESGFA104403 |

wﬁ.sk«efs '7;-
‘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.



Fish use site 105.4

Fish use site 105.1 Ranking: 3

Ranking: 2

30

O 7Y 'L ikkers Sio
*"", *nl Olgh

AlSO ShoAV\}‘n
on-Slide '3

¥

o~

~~

Fish use site 105.8
Ranking: 1

Legend f-a - m
@ ENERGY AUTHORITY
e [nstream Flow Focus Area (Upper and Lower Extent)
€  FlowAmow " 0 1,000
: < s S s S e 114
(o} Project River Mile
Projection: Alasks Albers NAD 1983

Data Sources: See Map References . ) ) a:: fumdg;‘ﬁzf‘:' ;,,,.w,,y
Orthophoto Source: 2011 Matanuska-Susitna Borough LiDAR & Imagery Project File: Map_RSP_IFS_FocusAreas_MR.mxd

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




FA-138, Gold Creek Focus Area
Example Data and Observations 31

SUSITNA WATANA HYDRO PROJECT GROUNDWATER STUDY
Gold Creek Focus Area (FA138) Select Water Level Data
694"""'I""'I """ e s @ ool & E W et § X S % % """I."'J

ESGFA138-6 is an abandoned beaver pond at Gold Creek Focus Area,
located on tlTe right bank

" O ey i = s, = 2L

ESGFA138-7 is an abandoned upland slough at Gold Creek Facus Area,
located on the right bank
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- ESGFA138-7 Main ChaEEneI stage is| synthesized from USGS
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" Susitna R. at Gold Creek gage height data, adjusted according
[ to local level loop surveys.
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~—ESGFA138-7 Adjusted Stage Data V¥ WL Measurements Used as QAQC

-~ ESGFA138-7 Main Channel Synthesized Stage Data
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FA-138, Gold Creek Focus Area
Example Data and Observations 32

SUSITNA WATANA HYDRO PROJECT GROUNDWATER STUDY
Gold Creek Focus Area (FA138) Select Water Level Data
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Groundwater Metrics

* Upwelling, downwelling changes
* Groundwater stage, temperature

» Range of variation in GW/SW processes, change
in this variability

e Support process understanding to improve
professional judgment

\_4_—
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Focus Area Example: FA-104 — Whisker Slough

e (2) Aquatic Sections
* (1) Riparian Section

* Focus Area Scale Manual
Observations

aquatic transect, October 29, 2013

\4
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Focus Area Example: FA-104 — Whisker Slough

Welis

Water Quality
Aquatic Stations
Riparian Stations
Time Lapse Cameras
Existing CS| Camera

500 1000 2000 Foat
| IS o —— I —
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Focus Area Example: FA-104 — Whisker Slough
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Focus Area Example: FA-104 — Whisker Slough

: Data
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Focus Area Example: FA-104 — Whisker Slough

Literature . I|Z|)ata! Data Collection on Annual Basis
Review _ ollection ¢ Winter and Summer
River Segment Scale : : :
 Time-Series Information on Transects
 Additional Manual Measurements
( Data A * Spatial Data Sets — Thermal Imaging,
: Collection . Aerial Images (Winter, Summer)

Focus Area Scale
\_ Yy,

Conceptual Models
- - N * Helps Define the Hydrologic System —

Process — FOC!US Groundwater, Surface Water,
2D Cross-Section Atmospheric

Groundwater Models
\_ J

). A

a

] Numerical Models
L ateral Habitat ) * Provide Process Understanding and
Groundwater Cause/Effect Analysis, Transient
Characterization ) Analysis
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Focus Area Example: FA-104 — Whisker Slough

* Aquatic Section FA104-
2DM1 — Whiskers Slough

— Drains Whiskers Creek,
Groundwater Inflow, Warm

* Aquatic Section FA104-
2DM2 — Right Bank Side
Channel

— Both lateral groundwater
inflow (warm) and mainstem
(cold — winter; warm —
summer)

FA-104 — Whiskers Slough, Right bank side

channel, location of aquatic transect, October 29,
— 2013
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Focus Area Example: FA-104 — Whisker Slough

Groundwater Upwelling Trends

° Aquatic Section FA104- Matrix Input Table — Example Only
20M1 - Whiskers Slough IR el N
_ Dra|n5 Wh|SkerS Cree k, Up, Increasing Up, Increasing
Groundwater InﬂOW, Wa rm Nov Up, Increasing Up, Increasing
Dec Up, Increasing Up, Increasing

y Aq u atlc SeCtiO n FA104- Jan Up, Increasing Up, Increasing
2 D M 2 - Right Ba n k Sid e Feb Up, Increasing Up, Increasing
C h anne I Mar Up, Stable Up, Stable

— Both lateral groundwater — — —
i nﬂ oW (Wa rm ) an d ma I n Ste m Junz D::Nn Increasing D:Nn Increasing
(COId — WI nter; Warm — Jul Down, Increasing Up, Increasing
summe r) Aug Down, Stable Up, Stable
Sept Reversing Up, Decreasing
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Focus Area Example: FA-104 — Whisker Slough

: Data
Literature _ :
Review Collection
River Segment Scale
' ™
Data
> Collection < S B
Focus Area Scale Instream Flow Studies
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" 2D Cross-Section |+ Habitat Types
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[

[

[

[

I Aquatic Habitat
I Model Function
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) 4

Matrix Input

________J
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Groundwater Study

42

e Thank You!
e Questions?
e More information at:

WWW.susitna-watanahydro.org

FA-104 — Whiskers Slough, Left bank side channel,
water levels maintained in channel through
groundwater seepage, primary source estimated to

be mainstem during observed conditions October 29,

7z 2013
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