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Groundwater Study Analysis Approach

Study Process from Objectives to Final Informed Decisions

Empirical Data Examples Forms of Analysis
(field observations and measurements)

Personal
Observations

Water Levels

Determination of Key Measured GW and SW

Objectives

Questions Water Quality
Temperature, other

Transient Process
Observations
Dataloggers, Sensors
Time-Lapse Cameras

~——
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Groundwater Study Analysis Process

‘ Data
Literature ‘
Review Collection
River Segment Scale
4 o
Data
- Collection .

Instream Flow Studies

Focus Area Scale

) 4

Spatial Distribution

[
[
Process — Focus [ Based on Lateral
2D Cross-Section | Habitat Types
[
[
[

Groundwater Models

a2

) 4

Lateral Habitat
Groundwater
Characterization

Aquatic Habitat
Model Function
Matrix Input

) 4
a

________J

~—Z
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Focus Area Example: FA-128 (Slough 8A)

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 )

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

) 4
a

_4»
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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

\4,»
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Aqguatic and Riparian Resources

Side
. Slough
Tributary Tributary

* |Inter-Related

* [mpacts on
Riparian =
mpacts on
Aquatic

e Groundwater
Questions
Have Many

Hyporheic
Zone

Note: Groundwater System
is Incompletely Described

Ove rI a pS Habitat types identified in the middle reach of the Susitna
River during the 1980s studies (adapted from ADF&G
—Z- 1983; Trihey 1982).

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

4/15-17/2014 DRAFT — SUBJECT TO REVISION Study 7.5




Groundwater/Surface-Water
Interaction Processes

HIGH RIVER STAGE Ground surface

Ground-water Water table

Riverbed flow direction

River River discharges into the aquifer

channel

LOW OR NORMAL RIVER STAGE

Aquifer discharges into the river
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FA-128 (Slough 8A) Hydrology Features

e

< Upper Half Moon Bay
Side Channel

Middle Half Mooh Bay
Side Chaonel

Lower Half Moon Bay

Side Channel

- b : s > Upper Slough 8A
"“Middle Side " & ; - Transition Channel/Slough

Charnel 8A

Half Moon
Bay Slodgh

FA 128 (Slough 8A) - Focus Area Groundwater Upwelling Features =_ m G !
@ ENERGY AUTHORITY ! —y Ir*"&\
® Project River Mile 0 1500 | & o Vi i
™ ™ |- 2 £
N\, Susitna Flow Direction R A N p W = Map Extent
Date Createc 4

w== FA 128 Side Channel/Slough Hydrological Features Map Author

n
File: POC FA128.mxd

Crthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project.  Data Sources: Sea Map References
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FA-128 (Slough 8A) Hydrology Features (A-G)

A, B, C-Inlets to Upper Side Channel 8A

* D -Inlet to Transitional Channel/Slough
8A

e E-Inletto Middle Side Channel 8A
e F—Qutlet of Middle Side Channel 8A

e G — Confluence of Middle Side Channel
8A and Slough 8A

FA-128 — (Slough 8a), Upland Slough,

Upstream End, October 3, 2013
~—Z—
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FA-128 (Slough 8A) Analysis Transects

Riparian Transects

FA 128 (Slough 8A) — &
W) ENERGY AUTHORITY
0 1,500
o S N ST

Projection: AKX SP Zone 4 NAD 1882
Date Createc "
Map Author: GWS - Can Rufino
File: FA 128 Blank. mxd

@ Project River Mile < :
Crthophoto Saurce: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project.  Data Sources: Sea Map References
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< Upper Half Moon Bay
Side Channel

Middle Half Mooh Bay
Side Channel

Lower Half Moon Bay
Side Channel

/1 Greek
FA 128 (Slough 8A) - Focus Area Groundwater Upwelling Features
® Project River Mile

N\, Susitna Flow Direction

w== FA 128 Side Channel/Slough Hydrological Features
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0 1,500
™ ™ |- 2 £

Projection: AKX SP Zone 4 NAD 1882
Date Createa: 3272014

Map Author: GWS - Can Rufino
File: POC FA120.mxd

Crthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project.  Data Sources: Sea Map References
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FA-128 (Slough 8A) Key Hydrologic Boundaries

< Upper Half Moon Bay
Side Channel

Middle Half Mooh Bay
Side Chaonel

Lower Half Moon Bay
Side Channel

Half Moon - :
Bay Slodgh Midgle Side
- L Charinel 8A
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Crthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project.  Data Sources: Sea Map References
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FA-128 (Slough 8A) Data Stations
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Pit Tag Array Staticn i-:"‘
@  Groundwater Station @ ENERGY AUTHORITY
Project River Mile
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0 1,000
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x Meteorological Station

™ ™, et
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€= Flow Arrow
Orthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project
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FA-128 (Slough 8A) Survey Contro

RTK Survey Control Point

Elevation Control Points - Level Loop Surveys 1,000

Project River Mile
NAD 1823

Flow Arrow 0
File: Map_| §_TEN mued

Orthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project  Data Scurces: See Map References
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FA-128 (Slough 8A) roundwater Wells
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Orthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project  Data Scurces: See Map References
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FA-128 (Slough 8A) Aquatic Transect Stations

INSET.A - ESGFA128-13" WiRSl INSET B - ESGFA124-7
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GW/SW Examples — Aerial Images

FA-128 — (Slough 8A), Junction of Middle Side FA-128 — (Slough 8A), Junction of Middle Side
Channel 8A and Slough 8A, June 12, 2013 Channel 8A and Slough 8A, October 3, 2013
Susitna River at Gold Creek (12:20) = 35,900 CFS Susitna River at Gold Creek (15:45) = 9,130 CFS

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

4/15-17/2014 DRAFT — SUBJECT TO REVISION Study 7.5




ESSFA128-1 Example - Time-Lapse Cameras
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ESSFA128-1 Example - Time-Lapse Cameras

2013/11/14 11:01:108USITNA RIVER FOCUS

Slough 8A

11/14/13 11:00

o
o —

~—Z
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ESGFA128-12 Example — Temperature, Water Level
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ESGFA128-12 Example — Temperature, Water Level

SUSITNA-WATANA HYDROELECTRIC PROJECT
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ESGFA128-2 Example — Temperature, Water Level
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ESGFA128-2 Example — Temperature, Water Level

SUSITNA-WATANA HYDROELECTRIC PROJECT
FA128 (Slough 8A): ESGFA128-2 GROUNDWATER STATION

24 Water Temperature and Level 53
: . | ] £
22 ' =
s J ©
20 | i | < 586 D
s i @
18 -— i E-)
(’5 16 — -4 584 w©
L 14 E . %
R o)
S 12F 1582 3
S F ] o)
QL10F h <
E 8 '_ . ‘:&)‘;
‘o_) : - 580 w
6 F ] =
4k l @
3 ——— 1578 3
2 F \ . 1
0E ’\Nl i ﬂ ’ E}
L PURE T T B S i1 1 111 11 1 PR T PUREE S T S T TR N N TN N 576 m
Jul Aug Sep Oct Nov  Dec Jan Feb  Mar =
Temperature ) Water Level
— 15-Min Smp FA128-2 (PT1) Side Channel 2013 - 2014 15-Min Smp FA128-2 (PT1) Side Channel
——15-Min Smp FA128-2 (PT2) Side Channel ~—15-Min Smp FA128-2 (PT2) Side Channel
~—15-min Smp FA128-2 Well W1 = 15-Min Smp Well W1

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

4/15-17/2014 DRAFT — SUBJECT TO REVISION Study 7.5




Water Level

ESSFA128-1, ESGFA128-6,-13 Example —
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ESSFA128-1, ESGFA128-6,-13 Example — Water Level

SUSITNA-WATANA HYDROELECTRIC STUDY
ESGFA128 (Slough 8A): Surface Water Levels at Various Locations
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ESSFA128-1, ESGFA128-6,-7,-13 Examp e —Temp
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ESSFA128-1, ESGFA128-6,-7,-13 Example —Temp

SUSITNA-WATANA HYDROELECTRIC STUDY
ESGFA128 (Slough 8A): Surface Water Temperatures at Various Locations
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ESGFA128-7 Example —Water Level, Temperature

‘ @

E8GFA128-3 3 ESCFA{28.03"

’ : $ Escrmzo-n
ESWFA126-8 @ cqcrarspd SSFMZ
e ¥ g
'ESGFA126.26 i 4
' ' ) ynuza 47
PGS Bt L

s ; go‘\v 2
/| ESGFA128/5 S !

-

‘ 7+ V ESCFA13732
(.‘ ) ;

¥ LCL I L AESOFAI26%

A N
ESCFA128-30
.ssfssmags

e g ESGFA‘IZB 1

ESCFA112:01 PMSGFAIZ8T
...r,‘;: $ esngza.u FA123-18

i ESGFA| 23 A{ “ESGFA12819
’ R . A : FFA128-28
SGrA178:21" > -y ESFF,

: EBGFA1?B-10 A V,BSSPA128 1

,'__q Y

OESGFA128-43
-

: : »0 A128:0
escm:z&as, -
: T =
=

Legend

Pit Tag Array Staticn i-:"‘
@  Groundwater Station @ ENERGY AUTHORITY
Project River Mile
Hydrology Stations

0 1,000
Aquatic Transect
x Meteorological Station

™ ™, et

~

s

Riparian Transect
('.\ Camera Stations ( Arrow onentation indicates view)

Zome ANAD 1523

€= Flow Arrow
Orthophoto Source: 2011 Matanuska-Susitna Borough LIDAR & Imagery Project

SUSITNA-WATANA HYDRO

Data Sources: See Map References
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ESGFA128-7 Example —Water Level

SUSITNA-WATANA HYDROELECTRIC PROJECT
FA128 (Slough 8A): ESGFA128-7 GROUNDWATER STATION

Water Level Above Project Datum (Sea Level)
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ESGFA128-7 Example —Temperature

SUSITNA-WATANA HYDROELECTRIC PROJECT
FA128 (Slough 8A): ESGFA128-7 GROUNDWATER STATION
Water Temperature At Pressure Sensor
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ESGFA128-7 Example —Streambed Temperatures

SUSITNA-WATANA HYDROELECTRIC PROJECT
FA128 (Slough 8A): ESGFA128-7 GROUNDWATER STATION
Streambed Temperature
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ESGFA128-7 Example —Streambed Temperatures
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SUSITNA-WATANA HYDROELECTRIC PROJECT
FA128 (Slough 8A): ESGFA128-7 GROUNDWATER STATION
Streambed Temperature
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GW/SW FA-128 (Slough 8A) Upwelling Data
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“WUpper Hall Moon Bay
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Focus Area Example: FA-128 (Slough8A)

* Aquatic Section FA128-2DM1 -
Slough 8A

— Upland Dominated,
groundwater inflow, warm

* Aquatic Section FA128-2DM?2 —
Middle Side Channel 8A
(Lower)

— Both lateral groundwater inflow
(warm) and mainstem surface

water (cold — winter; warm —
summer)

— Riverine, Upland Transitional

FA-128 — (Slough 8a), Upland Slough, location of

aquatic transect FA1282DM1, October 29, 2013
~—Z—
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Focus Area Example: FA-128 (Slough8A)

Groundwater Upwelling Trends
o Aquatic Section FA128-2DM1 — Matrix Input Table — Example Only

Slough Lateral Side Channel
Slough 8A B
- Upland Dominated, Oct Up, Increasing Up, Increasing
grou ndwater | nﬂOW, warm Nov Up, Increasing Up, Increasing

[ ] Aqua‘“c SeCtlon FA128-2DM2 —_— Dec Up, Increasing Up, Increasing
M |dd Ie S|d e Ch an nel 8A Jan Up, Increasing Up, Increasing
( LOWE r) Feb Up, Increasing Up, Increasing

. M Up, Stabl Up, Stabl
— Both lateral groundwater inflow o m e
. Apr Up, Stable Up, Stable
(warm) and mainstem surface
. May Up, Stable Up, Stable
water (cold — winter; warm — J | |
une Down, Increasing Down, Increasing
Summer) Jul Down, Increasin i
, g Up, Increasing
— Riverine, Upland Transitional Aug Down, Stable  Up, Stable
Sept Reversing Up, Decreasing
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Next Steps

* Continued Empirical
Data Collection

e GW/SW Process
Numerical Modeling
(Year 2)

* Empirical Relationship
Development

. lin
U psca g FA-128 (Slough 8A), Slough 8A and Middle Side

— Channel 8A junction on October 29, 2013
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