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= Objectlve of Modeling for EBD

Develop a model that simulates baseline conditions
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S What are we trying to

represent with the model?

geology
T groundwater response:
recharge ™ ¢ groundwater elevations
+ « groundwater-surface-water interaction
rivers
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Silty Sand
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mis
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LE2.GPJ PEBBLE2.GPJ 5/30/06

IASTY

80

85

| GB

90

Sandy gravel Brown, medium to coarse sand with
<3/4"-diameter clasts, subangular to subrounded,
saturated.

95

H2{ GB

100

=GB

105

H2{ GB

Sandy gravel Same as above.
l.A.O 84.0
Ltetetslg5.0  Gravelly sand  Brown, medium- to coarse-grained
[etete? sand with <1/2"-diameter clasts, subangular to [
bletels subrounded, saturated.
[otete? Sandy gravel Brown, medium to coarse sand with
bletels <1/2"'-diameter clasts, subangular to subrounded.
+222°.189.0
Gravelly silt with sand Gray, high plasticity silt,
<1/2"-diameter gravel clasts, medium- to coarse-grained
sand.
4.0
Ig5_g Silt with sand Brown, elastic silt, trace gravel, sand is

\medium to coarse, silt clasts are moist, not wet.
Silt with sand Elastic silt, trace gravel, medium to
coarse subrounded sand, silt is moist, not saturated.

104.0

=GB

H2{ GB)

- GB,

Silty sand with gravel Brown, well graded, wet.

Silty sand with gravel Brown, well graded, wet.

Clearing casing of water.

Sand with silt and gravel Brown, well-graded sand,
subrounded to subangular, lots of fines, wet.

Sand with silt and gravel
wet.

Brown, well-graded sand,

PEBBLE PROJECT EBD

[1119.0

Geology
Drill hole log

293 logs

24 Schlumberger
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Geology simplification

Geologic type a:
e Clean gravels
e major aquifers
Geologic type b:
e Silty materials with sands
e minor aquifers
Geologic type c:
e Primarily silt
* aquitards

2= Schlumberger
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LE2.GPJ PEBBLE2.GPJ 5/30/06

Y

80

85

| GB

90

95

H2{ GB

100

=GB

105

H2{ GB

=GB

H2{ GB)

- GB,

Sandy gravel Brown, medium to coarse sand with
<3/4"-diameter clasts, subangular to subrounded,
saturated.

Sandy gravel Same as above. —

104.0
105.0

\medium to coarse, silt clasts are moist, not wet. e

’A.O 84.0
Ltetetslg5.0  Gravelly sand  Brown, medium- to coarse-grained
[etete? sand with <1/2"-diameter clasts, subangular to [
b®e%e’s subrounded, saturated.
iy Sandy gravel Brown, medium to coarse sand with
bletels <1/2"'-diameter clasts, subangular to subrounded.
L m A
Gravelly silt with sand Gray, high plasticity silt,
<1/2"-diameter gravel clasts, medium- to coarse-grained
sand.
4.0
|g5_g Silt with sand Brown, elastic silt, trace gravel, sand is

Geology
c Drill hole log

Silt with sand Elastic silt, trace gravel, medium to
coarse subrounded sand, silt is moist, not saturated.

with classifications

Silty sand with gravel E!rown, well graded, wet.

109.0

Silty sand with gravel Brown, well graded, wet.

Clearing casing of water.

115.0

Sand with silt and gravel Brown, well-graded sand,
subrounded to subangular, lots of fines, wet.

b

119.0

Sand with silt and gravel Brown, well-graded sand,
wet.
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What processes are we simulating?
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Interpreting horizc
directions

e e i e e T I "
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febble Seasonal Groundwater
M Elevations

Stream Channel
Cross-Section
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Seasonal groundwater elevations

Spring Runoff
S Fall Rain
ummer

Winter —

asm Schlumberger
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/pebbe Groundwater Elevation vs. Time
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Ebble Potential pattern of seasonal

PARTNERSHIP

surface-water-groundwater
Interaction

Spring Runoff
Summer (runoff provides water for leakage)

Fall Rain
Winter (no leakage)
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Low groundwater
table

Discharge Leakage in this reach Discharge
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e South Fork Koktuli River

Early July 2005 . Upstream of Springs

terLeakage
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" south Fork Koktuli — - dry sectior
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to groundwater
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- Agenda

=

Integrated Modeling Approach

I NSVN
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P PITEAU ASSOCIATES PEBBLE PROJECT EBD WATER SEnwchS 33




+

Groundwater Model
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Approach

Streamflow Runoff

Recharge Surf Water

urface Water
Grounawater | BAIANCE

fRecharge ~_ Surface Water

i Groundwater

; (S
~ise( X — — B

» Groundwater
Model

ngZ
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@iiL Inter-watershed groundwater
4 flow assumed in water balance
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2hble Reasons forintegrated

———

Modeling

_PARTNERSHIP

Water Balance:
e Groundwater flows consistent with overall water balance
 Increases uniqueness of groundwater model

Numerical groundwater model:

e Checks the validity of groundwater component of water
balance

24 Schlumberger
=
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pebble e
Ihesar \Water Balance Model

analytical spreadsheet model

considers total water volume by watershed
e recharge

e surface-water-groundwater interaction

does not consider distribution within
watershed

calibrated to monthly streamflow
calibration focused on low flows

aam Schlumberger
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THE

pebble- Groundwater Model

Numerical finite difference model
(MODFLOW-SURFACT)

considers total water volumes within each watershed

also considers the distribution of recharge and surface-
water-groundwater interaction within each watershed

Calibration targets
e observed monthly groundwater elevations
e monthly flows from water balance

e field measurements of low-flow streamflows

aam Schlumberger
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Water balance recharge applied as —
total volume to each watershed _I:_: {

|
|I [
ps e

v -=-'?.,_ -

2a Schlumberger
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Groundwater model recharge

distributed throughout each watershed
7 : ; s s '
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g compared to groundwater model

Water Balance Groundwater Model
Total Volume Same total volume
Distributed within watershed

May 2005
Recharge (in/yr)

90
80
70
60
50
40
30
20
10
0

P PITEAU ASSOCIATES PEBBLE PROJECT EBD - ﬁﬂ‘e‘ ::ITEh n?rrugcfg 43




THE

pebble Mod eling Time Period”

Water Balance Model
e Inputs: January 1942 - December 2008
e Calibration: July 2004 - December 2008
e divided into monthly periods

Groundwater Model:
e Inputs and calibration: 2005-2008
e divided into monthly periods

ase Schlumberger
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PSP Transient I\/Ionthly Recharge

1.E+07

8.E+06 “

|| \Y k |

4.E+06 | W

2 Ev06 +u/ J\

0.E+00 u i“

1-Jan-05 1-Jan-06 1-Jan-07 1-Jan-08 1-Jan-09

Total recharge (ft3/day)

s‘? Schlumberger
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ebble Total recharge volume
~ (2005-2008)

1.6E+10
——Ground Water Model
1.4E+10 +
—a—\Water Balance Model
1.2E+10 + : :
Uncertainty in
~ 10E+10 wa‘Fer balance
£ estimate
(]
g 8.0E+09 + 0
e
(&)
(]
X  50E+09
4.0E+09 | \
2.0E+09 -+ / \ \ \ / |
0.0E+00 | | | | | | | ;

1 2 3 4 5 7 8 9 10 11 12 13 14 15
Watershed Area Number
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7 Calibration Targets

Groundwater Flows:
* inter-watershed groundwater flows
e monthly net groundwater discharge (water balance)
e late winter net groundwater discharge (field meas.)
Groundwater Elevations (monthly field meas.)

Calibrating to both heads and flows increases
model uniqueness

'Schlumberger
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(Estlmated from water balance one per w_atershed)
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(one per watershed)

Total Groundwater Outflow to Adjacent Watersheds (ft3)

1.E+10
1.E+10 —+

£ gE+09 |

=

o

5

@]

5 6.E+09 +

IS

=

©

[

E 4. E+09 +

o

<

(@)

T 2E+09 |
0.E+00

Uncertainty in
water balance
estimate

—— Groundwater Model
—=- \Water Balance Model
Groundwater Model Other Watersheds

1 2 3 4 5 7 8 9 10 11 12 13 14 15
Watershed Area Number
= Schiumberger
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-
Ee roundwater discharg ion targets
(Estimated from water balance, one per watershed)

—
-

Groundwater discharge
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~calibration ylance

(one per watershed)

Total Groundwater Discharge by Watershed (ft3)

——Ground Water Model
—=—\Water Balance Model

2.0E+10
1.5E+10 +
)
©
2
©
£ 1.0E+10 |
@
0o
3]
5
2  5.0E+09 |
c
>
o
O
2 0.0E+00
. +
S
-5.0E+09
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Watershed Area Number
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j T . G Average Monthly Streamflow SKiooB

Low-flow ground

fﬂ (Late winter field o
%ﬁv‘f};
>
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ez

v

Frying Pan Lake

-

__ S

Leakage to
groundwater
(losing)

Discharge to
surface water

(gaining)

Schiumberger
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THE

pebble Groundwater Discharge to Rivers /

warversiie - NOIth Fork Koktuli River, March, 2005

Discharge to Rivers

(cfs)

Iﬁﬂl

- 2500

Open Water
" March, 2005
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Results of calibration to low-flow groundwater discharge

North Fork Koktuli River

70
ol \ Uncertainty in
o L 7 low-flow
3}
St m remen
° 5o/ | easurements
= ®
©
% —
Q9 40
o
:
= 30 1+ ¢ Mar-05-Observed
% B Mar-06-Observed
f':’ A Mar-07-Observed
0 20 + ® Mar-08-Observed *
E, —=Recharge 2005
E —Recharge 2006
3 O —Recharge 2007 A
= - Recharge 2008 A

0 : :

15 10 5
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Distance Downstream (mile)

PEBBEE:PROIECTEBD

o SChlumberger
WATER SERVICES

27



South Fork Koktuli River

Frying Pan

- Lake
Looking

NNE

!

g
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S ,  Groundwater Discharge to RIVers  ischre okiver |
pebble/South Fork Koktuli )

_PARTNERSHIP MarCh’ 2005 I

v 2500
, \ Open Water

" March, 2005

== ychiumberger
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Results of calibration to low-flow groundwater discharge
South Fork Koktuli River

¢ Mar-05-Observed
B Mar-06-Observed
A Mar-07-Observed
® Mar-08-Observed
-——Recharge 2005
——Recharge 2006
——Recharge 2007
—Recharge 2008
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0
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-C*W'vmd""ate”?ischarge o R
PEDDIC=ypper Talarik Creek, March, 2005

R

Discharge to Rivers

s s
Upper Talarik Cr.

(cfs)
Iﬁﬂl
2500
Open Water
~~" March, 2005
——1.000e-004
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Results of calibration to low-flow groundwater discharge
Upper Talarik Creek

180

160 L ¢ Mar-05-Observed
q(-")’ B Mar-06-Observed
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5__‘6 ® Mar-08-Observed
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i 40 +

20 T+

0 5 10 5 20 25
Distance Downstream (mile)

- Schlumberger
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Groundwater Elevations
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| Groundwater Elevation Targets

T

Tl

293 piezometers gl
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pglﬂgg? Groundwater Elevation vs. Time

Matching range and/or average

ave

aV€l average elevation v' range v’
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Perfect Calibration

Modelled Value

Observed Value

'Schlumberger
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Real Ilfe Calibration

Modelled Value

Observed Value
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Whole Study Area

Modeled vs. Observed Value

20252
@-ﬁ'ﬁu
- ?
Il&pl:I
1768.5 — m‘"&'m
= - P Residual Mean = -0.8 ft
® ﬁ@m Absolute Residual Mean = 11 ft
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3 y Y
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| | |
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North Fork Koktuli River (Area 15)

—
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Modeled vs. Observed Value
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”pebble//Mﬂ =

VS. Observe
Transient Rec]

Upper Talarik Creek (Area 7)

Modeled vs. Observed Value

862.1
Residual Mean = -2 ft
838.0 — Absolute Residual Mean =5 ft .
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. Observed Groundwater Ele

"~ Mode
pebble— sient Recharge (20052008
g South Fork Koktuli River (Area 3)

Modeled vs. Observed Value
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- Groundwater Elevation Changes

South Fork Koktuli (Area 5)
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Groundwater Elevation Changes

North Fork Koktuli (Areas 12 and 13)
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Groundwater Elevation Changes

Upper Talarik (Areas 7 and 9)
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Calibration Process
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Approach to Groundwater Modeling

integrated approach
e water balance: lumped flows

e groundwater model:
geology + groundwater elevations + flows

transient recharge (2005-2008)
distributed recharge
geology in groundwater model based on drill holes

groundwater-surface-water interaction

e water balance calibration emphasized low flows of continuous
stations

e additional stations measured during low-flow periods
monthly groundwater elevations at multiple depths
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Calibration Results

inter-watershed groundwater flows matched reasonably for most
watersheds

groundwater discharge matched reasonably for most watersheds

low flows matched reasonably in most cases

the character of losing and gaining reaches along the rivers
matched well

average groundwater elevations matched well for most
watersheds

range of groundwater elevations (monthly response)
e excellent in some cases
e some areas under- or over-responded
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