Computer Exercise: 1DTempPro

Obijectives

1. Learn how to estimate seepage flux from temperature data.

2. Develop intuitive understanding of heat transfer processes.
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http://water.usgs.gov/ogw/bgas/1dtemppro/

(1) Extract the content of 1DTempPro. zip file and open the input
data file SAMPLE DATA.csv in SampleData folder using a text
editor.

M C:\Program Files (x86)\1DTempPro_V1_0_1\Sample Data\SAMPLE D... | =A% B %
File Edit 5earch View Encoding Language Settings Macro Run  Plugins
Window 7 X
o= @l & Db |t tg| % x|BE|”
5 SAMPLE DATAGsv | / Depths (m)
i ,0,0.05,0.15,0.4,0.75,1 *
[ Set Model 2 8/31/2009 0:00,14.96,15.16,15.57,16.17,16.03,15.97
3 8/31/2009 0:10,14.97,15.13,15.52,16.12,16.01,16.02
Parameters 4 8/31/2009 0:20,15.03,15.14,15.54,16.09,16.09,15.99
v 5 8/31/2009 0:30,15.00,15.16,15.57,16.12,16.07,16.00
Archive & 8/31/2009 0:40,14.99,15.16,15.55,16.06,16.11,15.94
Run VszDH ReSUItS 7 &8/31/2009 0:50,15.02,15.15,15.54,16.14,16.04,15.96
2 8/31/2009 1:00,15.00,15.11,15.47,16.07,16.06,15.99
\b 2 8/31/2009 1:10,15.08,15.11,15.44,16.06,16.08,16.02
10 8/31/2009 1:20,15.05,15.18,15.45,16.09,16.02,15.99
Plot Results 11 8/31/2009 1:30,15.11,15.21,15.49,16.05,16.03,16.02
12 8/31/2009 1:40,15.09,15.21,15.44,16.07,16.06,15.99
13 &8/31/2009 1:50,15.15,15.14,15.39,16.00,16.07,16.01
14 8/31/2009 2:00,15.14,15.14,15.37,16.04,16.05,16.02
S 15 8/31/2009 2:10,15.13,15.20,15.40,16.00,16.09,16.02
16 4 8/31/2009 2:20,15.13,15.25,15.41,16.01,16.05,15.98
8/31/2009 2:30,15.17,15.20,15.40,16.01,16.06,16.01

End Date time (m/dlyyyy h:mm), temperatures (°C)




(2) Open 1DTempPro program and start a New Workspace.
Click Select Data File and choose SAMPLE DATA.csv.

(3) Set model parameters (see next slide).

% 1DTempPro v2.0 2
File Options Help Display Time Series
Temperature N 03 p— 15U ;
Temperature in Celsius, depths in meters ®
SAMPLE DATA.csv Select Data File
Physical Properties
Add Layer
3 Hydraulic Conductivity N/A Sm/d
03
| Set Model Poruaty =
Themal Conductivity A 25| W/fm 'C)
Parameters i = ol @ o
v Sedment Heat Capacty €| 262+08| J/im? ') g
Dispersivity a | 001 m g :55
Run VS2DH Hydrologic Constraints & % "
Specific q  Head Diff ah 06 .
q/ (® Constant q (O Constant Ah 3
0} m/d 2 1 3 . I
155 |- X A RRAES | e |
O Time-varyingq (O Time-vanying Ah Y p A
Plot Results P i ¥ p
Select Data Fie Select Data File 08 ;
Reset =
Simulation Time
A Stat Time ~ 8/31/2009 1200 AM |
E— Reset 145 L I L L
End Time 5/ 5/2009 1200 AM |2 1.0 = 9010000  90200:00  S0300:00  5-04 00:00

Input parameters have been

“ B o

Enter the following model parameters.
Seepage flux (q) = 0 m d-! (positive value for downward flow)
Porosity (¢.) = 0.3
Thermal conductivity (A,) = 2.5 W-1 m-! °C-1
Sediment heat capacity (C,) = 2.6 x 106J m-3 °C-"1
Dispersivity (o) = 0.01 m

» See Lecture 11 slides for thermal properties of common
sediments.

 Heat capacity of water (4.2 x 106 J m-3 °C-') and common minerals
(1.9 x 106 J m-3 °C-1) are well constrained. Therefore, C_ can be
estimated reliably from porosity: e.g., for ¢, = 0.3,
C.=0.3x4.2x10%+0.7 x1.9%x10=2.6 x 106J m=3 °C-1.
water mineral grains

« Common mineral sediments (clay, silt, sand, gravel), when
saturated, have A, ranging from 1.0 to 2.5 W m-! °C-\.

* Dispersivity depends on the vertical scale, but usually < 0.01 m for
scales of 1 m or less.




(4) Run VS2DH model. It uses the top and bottom temperatures as
the boundary conditions to simulate temperatures at other depths.

% 1DTempPro v2.0

File Options Help Display Time Series

so T T

Temperature w « 0 mMeasurements
Temperature in Celsius, depths in meters ® = 0.05mMessurements
0.15 m Measurements
SAMPLE DATA.csv Select Data File = 0.4 mMessurements
=  0.75 m Messurements
Physical Properties 175 |- < 1mMessurements
Add Layer 5 &
2 3
= )
Hydraulic Conductivity VA 'm/d ; . :i i ] e S A
L R : 23 AR Y j
Porosiy 4. 03 ] .é - v ] ’ﬁ
> Set Model .',"‘ .. 3t % F3
Themmal Conductivity A 25| Wiim ©) . d R o - 27 # 4
Parameters fullsaturation) ol @ {|o,..0 FA 0 Hrg o &ty do A
¥ Sedimert Heat Capacly €« | 26-0d] J/jmi ) A P R K R < I R
Run VS2DH Hydrologic Constraints i £ oo Nl G S S A00 BU o8
Specific a  Head Dy ah " A {y o 3 R 5 ; <
(®) Constant () Constart ah Nt g YA Y ¥ o ¥ i
\b | o| m/d N - ’1‘, 3 *oF o % :‘
ssl g v 21 % % 4 i 1
O Time-varying O Time-varying Ah { ER: o P, g’
Plot Results [ ; ¥ H y :
Select Data File Select Data File F g ‘;
150 | « 3
Reset
Simulation Time
Stat Tme  8/31/2009 1200 AM 1
s Reset s 1 L 1 !
EndTime 9/ 5/2009 1200 AM | - 3-01 00:00 02 00:00 303 00:00 3-04 00:00
e ket _Por v ]
modified since data plotted.
End Variably Saturated 2-Dimensional flow with Heat

https://pubs.er.usgs.gov/publication/wri964230 5

For each model run, VS2DH generates a set of output files stored in
Archive folder. Delete the files occasionally to prevent excessively

large disk-space usage.

4 | Program Files (x86)
4 | 1DTempPro V101
» 1. Application Files
4 || Sample Data
4 | Archive
) V52DH _Settings 1
J V52DH_Settings_2

N Set Model J V52DH _Settings_3
Parameters [ el out
7 7] fileds.out
i fileD9.out
Run VS2DH 9‘ Q;CShdnz | : filel0.dat
" L fort12
L] fort3
Plot Results . V52DH_Settings 112 10/24/2011 505 PM ~ File folder
.. VS2DH_Settings_113 10/24/2011 505 PM  File folder
| VS2DH_Settings 114 10/24/2011 505 M~ File folder
@ | VS2DH Settings 115 10/24/2011 505 PM ~ File folder
|| VS2DH_Settings 116 10/24/2011 505 PM ~ File folder
.. VS2DH_Settings_117 10/24/2011 505 PM  File folder
End . VS2DH Settings 118 10/24/2011 505 PM ~ File folder




(5) Evaluate the match between observed and modeled temperature.
In this case q = 0 is used (positive for downward flow).

% 1DTempPro v2.0

File Options Help Display Time Series
Temperature 30— o =
Temperature in Celsius, depths in meters @ = ?;ég?z
SAMPLE DATA.csv Select Data File =0.16487
Physical Properties
Add Layer
Hydraulic Condudtivity N/A m/d
Porosty ¢, 03
Themal Conductivity A, 25| W/m C)
{full saturation) . 0.4 . o
5| Set Model Sedment Heat Capacty | _262+05| J/im* ) 3
e e §
Parameters Dispersiviy a| 00m £ H
S H
v Hydrologic Constraints i g
Specific Discharge. q  Head Difference. Ah .
Run VSZDH (® Constant q (O Constant Ah
0] mAd \
O Time-vaying g O Timevanying ah
i .
Select Data File Select Data File 08
Plot Results Reset
Simulation Time
Stat Time ~ 8/31/2009 1200 AM |+
Reset

1 | 1 | I
End Time 9/ 5/200912:00 AM |} 10 s 9.01 00:00 902 00:00 903 00:00 504 00:00
- s
VS2DH, Archve.9 | Fum vs20H |

» Should we increase or decrease q for a better fit?

End * How about other parameters?
* What is the value of q that gives the smallest root-
mean-squared (RMS) error? 7

(6) When hydraulic head is measured, we can use the data to specify
the gradient, and estimate hydraulic conductivity (K) and q.
For example, enter Ah =0.014m and K=10 m d-.

% 1DTempPro v2.0

Temperature -
Temperature in Celsius. depths in meters @
SAMPLE DATA.csv Select Data File
Physical Properties
Add Layer |Generic Soils
Hydraulic Conductivity K 10| m/d
Porosity 4. 03
Themal Conductivity A 25| w/m )
full ion) 4 @ °
Y s W 2
| Set Model Sedment Heat Capacty ~ ©a | 26e+06] 4/ C) Fy
E $
Parameters e = (L £ :
v Hydrologic Constraints i g
Specific q  Head Di Ah .
O Constant (® Constant ah
Run VS2DH st
() Time-varying q (O Timewvarying Ah
\2 .
Select Data File Select Data File 08
Plot Results Reac
Simulation Time
Start Time ~ 8/31/2009 1211 AM  |£
Reset i

I L I L
End Time 9/ 5/2009 1200 AM £ 1.0 - 9-01 00:00 8-02 00:00 903 00:00 9-04 00:00
@ o o e viomes P VS20H

“ Note: The model uses positive Ah when the head

decreases across the model domain (top to bottom).
8




(7) Observe the model fit and observe values of q.
Why does q vary with time even though K and Ah are constant?
What is the best-fit value of K?

% 1DTempPro v2.0

File Options Help Display Time Series
Temperature = =y T T —— 0 m Boundsry Conditan
Temperature in Celsius, depths in meters ® D, g ';‘? m ;;g ’g ?;3535
5 m, RMS =
SAMPLE DATAcsv Select Data File s —— 0.4m, RMS =0.12347
- = 0.75 m. RMS [ Click and d
Physical Properties 3 = 1 m, Boundary
Add Layer | Generic Soils v it ol ; ) Y Overall RMS = 0.10108
Hydraulic Conductivity K 10] m/d ‘%
£
Porosity 9. 03 :
&
Thermal Conductivity A, 25| W/m ‘C) g
ful i LRI} E
| Set Model . mEm £
Parameters ool €
Dispersi a ald &
v 13
Hydrologic Constraints i
Specific Discharge. q Head Difference. Ah 0.6
Run VSZDH () Constant q (@) Constant Ah
N/A m ‘D-l‘fa‘ i i 1 n L L 1
[\ O Time-varying q O Time-vanying 4h ] '
® 0.1280
z 2
Select Data File Select Data File Z oA
Plot Results 3 o12m0
Reset 3
- ¥ 0.1265
Time =
Stat Tme  8/31/2009 1211 AM |3 o120

. - Resat 0.1255 L 1 I L
End Time 9/ 5/2009 1200 AM | 1.0 o 9:0100:00  90200:00  90300:00 904 00:00
Resuits-
VSZDH pective_11 e

Note: K is entered as the value at 20 °C. VS2DH

End adjusts K according to temperature.

(8) We can use variable Ah when data are available. Select the data
file HEAD DATA.csv and run VS2DH.

— Find the best-fit value of K.

% 1DTempPro v2.0

File Options Help Display Time Series
Temperature 0.0 - 8.0
Temperature in Celsius, depths in meters ®
SAMPLE DATAcsv Select Data File 175
Physical Properties
Add Layer |Genesic Soils v B 7ol
Hydraulic Conductivity K 10} m/d . .
© 16.
Porosity . 03 ¢
%
—>| Set Model e o ||
i 4 E
H
Parameters Sediment Heat Capacty €= | 262+06] 1 ) g
E 155 F
¢ Dispersi @ 001 m g °
Hydrologic Constraints " ite
Run VS2DH Specific q  Head Diff Ah 5
() Constant q () Constant Ah
Rk N7A 45 1 1
v : oots : , ,
O Time-varyingq ® Time-vanying ah
HEAD DATA.csv ® Siant
Plot Results Select Data Fie Select Data File 03 £ oo
§
Reset 5 oonof |
Simulation Time EF e E
Start Tme  8/31/20091211AM 3 & 3 BT S "
. Reset 0.006 I L I L
c End Time 9/ 5/2009 1200 AM ~ 1.0 E-S 901 00:00 902 00:00 9-03 00:00 904 00:00
Input parameters have been

modified since data plotted. Run VS2DH

End




Shingobee Lake, Minnesota
Exercise designed by Don Rosenberry, U.S. Geol.

Shingobee Lake e Legend .
Seepage Study g Median Sediment Thermal Conductivity

R
o N
Gsm:-swi1 3‘;\/}\//.51:&

G sMm2(0.99 Wim K)

Measured A, (W m- K+)
1.31 at ESM-Sw

0.99 at ESM2

ESMT(0 64)W/m K)
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(9) Select data file, Shingobee temp dat.csv consisting of the
temperature data at 5 cm (top boundary), 25 cm, and 55 cm
(bottom boundary) measured at the ESM2 site.

(10) Enter the following parameters:
g=0md", ¢,=0.3,1,=0.99 Wm- °C-
C.=2.6%x10°J m3°C1, a=0.005m

(11) Run the model and observe the match.

(12) Adjust g and find the value that gives the smallest value of root-
mean-squared (RMS) error.
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(13) Import time-varying Ah data, Shingobee head dat.csv, and

enter a reasonable value of K (e.g., 1 m d).

éﬁ 1DTempPro v2.0
File Options Help

Display Time Series

Temperature = T —— 0.05 m. Boundsry Condion
Temperature in Celsius, depths in meters = 0.25 m. RMS = 0.11501
0.55 m, Boundsry Condition
Shingobee_temp_dat.csv Select Data File
Overall RMS = 0.11501
Physical Properties
Add Layer | Generic Sois v
Hydraulic Conductiviy K 1} m/d 2 T
g
Porosty e 03 § ot
ol
Themal Conductivity AN 99| W C) 8 2[
ffull saturation) . uE L
Sedment Heat Capacty ~ s | 25e+08/ J/m* C) o
E 0 b
i 0.00: g E
Dipersvty a =
Hydrologic Constraints & :
Specific q Head Diffe Ah
(O Constant q () Constant Ah
N/A A 6 L
. 20.130
O Time-varying q ®) Timevanying ah ERELY S
Shingobee_head_dat ¢ :. D140 F
Select Data Fie Select Data File § 0145
& s E
Heest 5 o185 F
Simulation Time % o160 F
Stat Time 7/ 1/20131205AM |5 0.165
- Reset 1 Il 1 1
EndTme 7/ 5201311:54PM |2 70200:00  70300:00  70400:00  7-0500:00
input parameters have been
modified since data plotted. Run V52DH

(14) Run the model and determine the K value that gives the

smallest RMS value.
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(15) Change A, to 1.3 W m-' °C-! and determine the best-fit value of K.
Comment on the sensitivity of K to uncertainty in A..

&5 1D0TempPro v2.0
File Options Help

Display Time Series

Temperature = T —— 0.05 m Boundsry Condiion
Tempersture in Celsius, depths in meters =0 hm RS = O 101
1L 0.55 m, Boundary Condition
Shingobee_temp_dat.csv Select Data File
Overall RMS =0.11313
Physical Properties : . 6 [ ;
Add Layer | Generic Soils v 2
. LT
8
Hydraulic Conductiviy K 1 md H
§ 2
Forosty %. o £
5
0
Themnal Conductivity A, 13| W/im ') ==
{full saturation) : -~
Sediment Heat Capacty ~ €a | 2.62+06| J/m*C) 8
[r— 3
Dispersivity a | 0005im g g
H 2120 ; . :
Hydrologic Constraints E 01 i 3
Specific Discharge. @ Head Difference. Ah ot ol ‘ B aa
() Constant q () Constant Ah & o1 c‘\\J
) /2 a 0158
B 0.160 [
O ¥ing q (ORI ying Ah 2 oes | E
1 L " L L
Shingobee_head_dat.c 020
Select Data File Select Data File v 02 E ' ; ; : E
E -
Reset = i { | %
3 0F
Simulation Time T 024EF 3
8 E|
Stat Time 7/ 1/20131205AM |5 2 025k E
— = Reset 026 | | L L
End Time 7/ 5/201311:54 PM |3 702 00:00 7-03 00:00 7-04 00:00 7-05 00:00

Results:
VS2DH_Archive 5

More information: Voytek et al., (2014, Groundwater, 52, 298-302)
Koch et al., (2016, Groundwater, 54, 434-439)
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