e YNAMIC
willow stic k|| JMEASUREMENT

Cedar Valley Water Initial Interpretation

Dynamic Measurement LLC

H. Roice Nelson Jr. & Les Denham
20 July 2022

Copyright © 2022 Dynamic Measuremen t LLC.

20-Jul-22 All Rights Reserved.

Cedar Valley Lightning Analysis 1



Area Ea&ting Hnrthing LAT LON . .
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Table 1. Center Points for 2 SPOTsm Lightning Analysis Projects.
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Figure 1. Area of Harmony Hills (west) and Shirts Canyon (east) SPOT™ Analyses, Cedar Valley. Utah.
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CICWCD
Pine Valley Planned Wells
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CICWCD
Pine Valley Planned Wells

* Northern
e 25-square mile SPOTS™
« $35,200
* Southern
* 50-square mile SPOT™™
* $45,400
* Totals

* 75-square mile SPOTS™
* $80,600
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Google Earth - Edit Palygon
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Mame: [ ine Valley d.NSEM sm

Description | Style, Color | View | Altitude | Measurements

Perimeter: 72.0 | Miles

e CICWCD
Pine Valley Planned Wells

* Lightning Analysis Option 1
e 72-square mile . NSEMs™
* $65,200

DYNAMIC MEASUREMENT PRICE CALCULATOR SANDBOX
INSTRUCTIONS
This tab allows you to enter SQUARE MILES directly in cell D46 so you can do quick estimates. All other input fields are

locked or hidden. Use the conversion factors below if your measure is other than square miles.
YOU CAN ONLY ENTER SQUARE MILE If the value entered is <=0, you will see an error message.

Conversion Factors
Square KM/ Square Mile 2.58999
Acres | Square Mile 640
Area Price Per Unit
Acres  46,080.00  $65,200.00 $1.41
Sg KM 186.48 $65,200.00 $3495.64
Sq Mile; 72.00i  $65,200.00 $905.56
= Minimum Price 10,000
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i Name: ’Pine_\ialley_d.NSE“'ll ]
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Description | Style, Color | View | Altitude | Measurements |

Perimeter: 120 |I'~"Li]es - |

Area: 363 | Square Miles

CICWCD
Pine Valley Planned Wells

* Lightning Analysis Option 1
* 120-square mile d. NSEMs™
« $77,830

DYNAMIC MEASUREMENT PRICE CALCULATOR SANDBOX
INSTRUCTIONS
This tab allows you to enter SQUARE MILES directly in cell D46 so you can do quick estimates. All other input fields are

locked or hidden. Use the conversion factors below if your measure is other than square miles.
YOU CAN ONLY ENTER SQUARE MILE If the value entered is <=0, you will see an error message.

Conversion Factors
Square KM/ Square Mile 2.58999
Acres | Square Mile 640
Area Price Per Unit

Acres  76,800.00 $77,830.00 $1.01

Sq KM 310.80  $77,830.00 $250.42

Sq Mile; 120.00.  $77,830.00 $648.58

Minimum Price 10,000
20-Tul-22 Copyright © 2022 Dynamic Measurement LLC. Cedar Valley Lightning Analysis 6
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Cedar Valley Lightning Analysis Interpretation |ilowstick

at Harmony Hills & Shirts Canyon

* Lightning Attribute Maps

* Lightning Attribute Volumes
* Apparent Resistivity
* Apparent Permittivity
* Total Wavelet Time

* Lightning Sensor in Cedar
e Backthrust & Thrust Sheets
* Hydrostatic Pressure

20-Jul-22 All Rights Reserved.

* Location * Apr
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Outline
parent Resistivity Up Flows

parent Permittivity Anomalies

* Lightning Data * Ap
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USGS Topo Map
& 2 SPOTssm
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Wells in Southern

Cedar Valley
Drainage Basin
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 Outcrop Geology Map
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Joe, a water witch, who
passed away from Covid,
) o\ aNGHER A was convinced there 1s an
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Site Info rm;afign

Site Number: 10242200

Site Name: DUNCAN CREEK NEAR
CEDAR. CITY, UTAH

Site Type: Stream

Agency: USG5

Access Data

oye edeuand

5o

rl. ¥ Last Drop Drilling and Pump:

| r

Site Inf{irmatic-n

Site Number: 373622113154001

Site Name: (C-37-13) 1dbc-1

Site Type: Spring

Agency: USGS

Access Data
ny HillS\QPOT (sm)

Site Information

Site Number: 373549113164701 Site Information
Site Name: (C-37- 1)13dbc-1
Site Type: Spring

Agency: USEPA

Access Data

Site Number: 373508113161101
Site Name: (C-358-32)12dac-1
Site Type: Spring

Agency: USEPA

Access Data

Copyright © 2022 Dynamic Measurement LLC.
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Harmony Hills USGS
Water Information
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LVaisala_Sensor

Erontier Homeste

lL-:.‘nE: Treel Mauntain

Shirts* Canyon SPOT(sm) ©.

Site Information

Site Number: 10242100
Site Name: SHIRTS CREEK NEAR CEDAR
CITY, UTAH

Site Type: Stream

Agency: USGS

Access Data

Site Information ' Site Infnrmatinh

Site Number: 373455113070301
Site Name: COX SPRING

Site Type: Spring

Agency: USGS

Access Data

20-Jul-22

" Site Information |

Site Number: 374043113033200 _—_— YNAMIC
g:j;hr:ll?rgnﬁ_:ECED.ﬁ.R CITY FIELD OFFICE Wi | | owSstic k EASUREMENT

Site Type: Stream
Agency: USGS
Access Data

Site Number: 373801113022201
Site Name: (C-36-11)36aba-1
Site Type: Spring

Agency: USGS

Access Data

Site Information =

Site Number: 10242000 Shirts

Site Name: COAL CREEK NEAR CEDAR

CITY, UT C anyon

Site Type: Stream

Ak : Agency: USGS
Site Information Access Data ' ] SGS » ‘ ater

Site Number: 373923112593301 °
Site Name: (C-36-10)21bdc-1 I f m t

Site Type: Spring n Or a l()n
Agency: USG5

| Access Data

Site Information

Site Number: 373850113053501

dll el Site Name: (C-35-11)28a3ab-1
. Site Type: Spring
Site Number: 10241900 Agency: USGS

Site Name: COAL CRK ABV RIGHT HAND
CREK, NR. CEDAR CITY, UTAH

Site Type: Stream _
Agency: USGS
Access Data

Site Number: 373759113021501
Site Name: (C-35-36)11aba-1
Site Type: Spring
Agency: USEPA
Access Data

Access Data

Site Information

Site Number: 373730113000001
Site Name: (C-35-21)110bdc-1
Site Type: Spring

Agency: USEPA

Site Number: 373423113025301 Access Data

Site Name: (C-35-28)}11aab-1
Site Type: Spring

Site Information

Copyright © 2022 Dynamic Measurement LLC. Agency: USEPA

All Rights Reserved. Access Data Cedar VYalley Lightning Analysis 17
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Before Data Cleaning Summaries
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Minimum
1995-03- 18
000 00000

37.5723

Parameter
Date
Tim

Latitude

Maximum
20022-03-01
2305955 (00

37.6028

AMinimam

1995-03-18
PoLani-nie Loy

7. 3005

Parameter
Date
Timi

Latit ude

Maximmm
2022-03-31
23-50:50 000

37.6873

Longitude -113.3205 -113.0376 Longituds -113.1172 -112.9717
Peak Current -152.0 257.1 Peak Current -209.5 209 4
Cha Lh.0} 15.00 Chi-squared (1.1 15,00
Semimajor Axis (1.1 3.8 Semimajor Axis 0.1 a8
Semiminor Axis (.1 1.1 Semiminor Axis 1.1 1.0
Hize Time (0.0 51.2 Rize Time (.1 71.2
Peak to Zero Timw 1.1 112.10 Peak to Zero Timne (.1 123.2
Number of Sensors 2 I Number of Sensors 2 40
Number of strokes ARG Number of strokes 11364

Elapsed time 24.04 vears

Shirts Canyon

Elapsed time 24.00 years

Harmony Hills

Table 5: Data limits for collected data. Note that the dataset runs from March 1998 to March 2022, or 24 04 years.

Copyright © 2022 Dynamic Measurement LLC.

20-Jul-22 All Rights Reserved.

Cedar Valley Lightning Analysis 19




After Data Cleaning Summaries

Parameter
Date
L
Latit ude
Lomgitndi
Peak Current
(i
sSemimajor Axis
SCITIINGr XS
Rise Time
Peak to Zero Dinm
Number of Sensors
Number of strokes
No. strokes, RT limited
Mo, strokes, P2 limited
Elapsed time

AMaximuam
2022-03-31
23 50:59.000

30334

AMinmimum
190R-03-18
LR LS L AL
33. 260606

-111.1 -111.00333

-174.4 1:31.4
(.1 5.4
0.2 |.8
.2 .y
1113 5.0
.1} §7.2
3 25

H265 (97 8% of raw data
D118 (95% of raw data)
1120 [T6.5% of

24001 vears

LW l|i||il

Harmony Hills

Table &: Data limits for cleaned data. Note that the dataset runs from March 1995 to March 2022, or 24 .04 vears.

20-Jul-22

Parameter
Date
IRTHT
Latitude
Longituds
Peak Current
Cha
Semimajor Axis
DEMIMINor AXiE
Rise Time
Peak to Zero T
Number of Sensors
Number of strokes
No. strokes, RT limited
PZ hmated
Elapsed time

o, strokes
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Maximum
HZF2-03-31

23:59:59 (1K)

N i
19958-103-18
IHEEEE AR IR

370723 376873
113.1172 112.9717
-209.5 200.4
(. ] 0.1
[).1 2.0
i1 (1.5
1.0) 22.1)
4.0 03.4
3 30
IR
LI 10

Ay L

24 1M vears

Shirts Canyon

Copyright © 2022 Dynamic Measurement LLC.
All Rights Reserved.

Cedar Valley Lightning Analysis 20




YNAMIC
EASUREMENT

RlSk P01ntS° Harmony Hllls & Shlrts Canyon —~— %

i n‘r 3 ‘._, 5 i S Wiy B
-l T e i o e

ﬁ 3" 1{*& WY

_ T L P

_. é-' i::'!“ é "* ] " 1 ] v, . .
L AL : Showing:

D ealiamRRs R . SSRRRSE ¢ [ ocations above
e, 8 i'-.--’w N 1.1 lightning
: E @ Valsaia sﬂ =1y S : _ .
g e - strikes per year
* Elevation has a
larger impact
than expected
for both
Harmony Hills
and
Shirts Canyon.

B PR HE
.

Copyright © 2022 Dynamic Measurement LLC.

20-Jul-22 All Rights Reserved.

Cedar Valley Lightning Analysis 21




Lightning Attribute Maps Harmony Hills
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ElevationHH_ig7p0HH

EnergyHHa_ig7p0HHa

Number_of_sensorsHH_ig7p0HH

Peak_currentHHn_ig7p0HHN

Peak_currentHHp_ig7p0HHp

Semi-majorHH_ig7p0HH

20-Jul-22

Stroke_energyHH_ig7p0HH

Sun_local_longitudeHH_ig7p0HH

Copyright © 2022 Dynamic Measurement LLC.

SymmetryHH_ig7pOHH Tidal_gravityHH_ig7pOHH Tide_GradientHH_ig7p0HH TideHH_ig7p0HH

All Rights Reserved.

Total_timeHH_ig7p0HH
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Lightning Attribute Maps Shirts Canyon
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EnergySCp_ig7p0SCp

Semi-majorSC_ig7p0sC Semi-minorSC_ig7p0SC
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Stroke_energySC_ig7p0SC

Sun_local_longitudeSC_ig7p0SC SymmetrySC_ig7p0sC Tidal_gravitySC_ig7p0SC
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Lightning Apparent Resistivity Volume e | pruac
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Lightning Apparent Resistivity Volume e | pruac
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Lightning Apparent Resistivity Volume e | pruac
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Lightning Apparent Resistivity Volume e || hynamic
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Lightning Apparent Resistivity Volume == | s
Line 500 Depth 1,230 meters
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Lightning Apparent Permittivity Volume
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Notice Linear Anomalies in the ~—
Shirts Canyon Depth Slices

e
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willowstick

YNAMIC
EASUREMENT

Reminded us of a Lightning Project in
North Dakota, where sensor feedback
reduced data quality between sensors.

Years 2006 - 2008
-5.0<=PC <=-3.0
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n A“%r. cismics CHmi . 71‘%—- %VNAAMIC
Valsala Sensotee. e ——— " Turns out willow stick]| JEASIREMENT
il g 22 I-|r (12) ke 5% R

~ there is Vaisala Lightning Sensor
} at the Cedar City Airport
" ] i Location of Vaisala’s
sensor 1s orthogonal

to the direction of

- the three lineaments
on the Shirts Canyon
Depth Slices.

Our conclusion 1s
these anomalies map
three major faults
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Symmetry 1500-meters Depth Slice
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Backthrust [Willow stick|| MeASUREMENT

Is Due to Compression

Backthrust Compression
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Back Thrust at Mouth of Cedar Canyon  |willowstick %"E"'A‘s"{"'ﬂimsm
A A

A * The mountains east of Cedar City
were under compression through the
carly Tertiary (Oligocene).

* This compression created the uplift
and back thrust at the mouth of
Cedar Canyon.

* The expansion of the Great Basin,
after the San Andreas Fault took
pressure off of the Pacific Plate
compression, occurred post-Tertiary,

- and created the Hurricane Fault with

5,000 feet of throw at Cedar City.

—

———v

See Map Figure 50
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The Great Basin has

Anomalously Low Hydrostatic Pressure
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Great Basin hydrostatic pressure
is lower than the normal gradient.
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The Great Basin has — %"s"fs"(’:’r‘fmsm
Anomalously Low Hydrostatic Pressure witlowstick

The Grand Canyon 1s a leak in the plumbing.

A. Paragonah Canyon G. Five Fingers
g- zar““'f’tncc““}'““ I H. New Harmony
P, 1. Hurricane Fault Possible Fault Geopressure Leak Pathways
D. Fiddlers Canvon J. Pinevallev .
' - from Cedar Valley to the Colorado River

E. Cedar Canvon
F. Kararaville Canvon
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Faults Provide Upward Flow For Water
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form fault.

Fault cuts through rocks and provides a path
with lower hydrostatic pressure. So water 1s
pushed up the fault by normal hydrostatic
pressure, often resulting in a spring, or making
it possible to drill shallower water wells.

In addition, fresh water has higher resistivity.
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Shirts Canyon Shallow Resistivity L.310 T1351
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Shirts Canyon Shallow Resistivity 1.392 T1020
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/ip‘nl PR N TR ransform fault.
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| .+ Note one of the 10 apparent resistivity
W AN e T T T ¢ upwellings 1s located near the spring
( ;“a N 0 ;;i*’. o \‘",, and small lake shown above.
.._\_H-ll - o B v . £ . . . e . eq e
,/{i\# ‘2{“%1 WA, oy This 1s positive proof of the viability of
V- ST R ST NSO Y : -
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Shallow High Resistivity Areas Harmony Hills

3  Shirts Canyon has higher Apparent
’M;ﬁ 3 j Resistivity in the transform faults.
Pl ¥ e Overall Apparent Resistivity is
L, § higher than in Shirts Canyon.
O - g i A * This fits the working hypothesis
7, that the fractured quartz monzonite
1 ,ﬁé s S 1s a large and prolific aquifer.
7 Al '
el Aﬁ:ﬁ. 4_ "/f’ 57 * Fracture o1l and gas reservoirs tend
W P, to have more fluids than can be
AT j/ gD 4 4 stored 1n the pores of a rock, and
A\ xw..u-‘-i J,« f 2t expect the same 1s true for aquifers.
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Shallow High Resistivity Areas Harmony Hills

49T .
. * Note these 10 apparent resistivity
O e upwellings are not as long vertically
Phan .05 o .
T ) as the upwellings in Shirts Canyon.

B Ve : * In general, the fractured quartz

)y e monzonite appears to have smaller
- sweetspots, which are probably
related to shallow faulting.

* There are many more of these
smaller anomalies than the larger
anomalies 1n Shirts Canyon, as
shown on the next slide.
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Shallow High Permittivity Areas Harmony Hills

* 10 apparent resistivity upwellings
shown as orange circles.

i * Many more apparent permittivity
4 - anomalies mapped, with some overlap.
o * The next Line and Trace are the same
s location as the previous Line and
RSN Trace.

Note the Permittivity Anomaly, circled
in orange, looks better than the
Apparent Resistivity Anomaly.

A much stronger Apparent Permittivity
Anomaly 1s circled in red, Section 12.

&
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Harmony Hills Has Many

Apparent Permittivity Anomalies (L.268 T479)
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EASUREMENT

Shallow High Permittivity Areas Shirts Canyon | ~====—" %YNAMIC

S l=t=1= —-'Elﬂ-‘;'il:la{ o

A o o« ThelO blue apparent resistivity
- '\-" \@‘\\H | ' -I 5 " * E - - \ 5 5 — ¥/ iﬁ;{j
@@ﬁ‘ ' B A AT

upwellings are mostly along
the two transform faults.

*'%a-, #. '# « The apparent permittivity
hes ,c»g,u anomalies are across the entire
4@’" ' Shirts Canyon SPOT*™.

' * There are many more of these
~ Apparent Permittivity
¢ anomalies than identified
W Apparent Resistivity anomalies
~in Shirts Canyon.
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siz 0@
-
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Harmony Hills Has Many

Apparent Permittivity Anomalies (L.268 T479)
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Harmony Hills Shallow Permittivity Anomalies
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Shirts Canyon Shallow Permittivity Anomalies

aaaaaaa

4i| ®L1425

d 3
: ‘-P‘“%;.w_myy-- . L
E ‘ s
%
dsoo
. o
dlezs

JliL4so
ILazs
L4p0
dleas
L3so
dlesas
L3,
Lzgs

dzsa

8
gzl @M 2@ Ly s s i@ -0 @ B

Lzzs

. ﬁ‘(\“ﬁﬁ‘. = i)
“"xl}‘\j“'\:(\@ ':
G Az,
iy

o

. . . 0
\ ‘ dar Valley Lightning Analysis 8
-zlwmx Copyright © 2022 Dynamic Measurement LLC. Cedar y

1-22 All Rights Reserved.

20-Jul-



Pyramids: 3SH RAP Line-12 wiTTowstrel Mieuen

A (lower latitudes) Line 12 A
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Pyramids: 3SH RAP Line-06

H (larger longitudes)
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Southview: 5-GH G2 RAP Lines 5 & 9,
900 feet north Line 5
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Southview: 5-GH G2 RAP Lines 5 & 9,
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Southview: 5-GH G2 RAP Lines 5 & 9,
300 feet south Lme 5, 1,200 feet north Llne 9

s ]

20-Jul-22

———
willowstick

YNAMIC
EASUREMENT

El Sectir. 13 ("vDL5) %

Copyright © 2022 Dynamic Measurement LLC.
All Rights Reserved.

Cedar Valley Lightning Analysis 112




Southview: 5-GH G2 RAP Lines 5 & 9,
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Southview: 5-GH G2 RAP Lines 5 & 9,
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Southview: 5-GH G2 RAP Lines 5 & 9,
1 200 feet s

20-Jul-22

DDDDDDD

uth Line 5, 300 feet north Llne

9

El Sectio (T\nl 3y X

/

Copyright © 2022 Dynamic Measurement LLC.
All Rights Reserved.

———
willowstick

YNAMIC
EASUREMENT

Cedar Valley Lightning Analysis 115




Southview: 5-GH G2 RAP Lines 5§ & 9, —~— %YNAMIC

Llne 11 appr()x]mate willow stic k|| JMEASUREMENT

B e s> ] TS sa o5y PR
‘ \1UWY

olor Bar 9
B AMPLITUDE f
Min

Y

16 1

14

AMPLITUDE
FEO09 @ ws E® L s vl E

14

G

13

12

11

]

Copyright © 2022 Dynamic Measurement LLC.

20-Jul-22 All Rights Reserved.

Cedar Valley Lightning Analysis 116



20-Jul-22

Southview: 5-GH G2 RAP Lines 5 & 9,
Llne 9 , ~overlay

:0 L Map 1 (TVDSS) | E Sectior. 3 (T+D5.5)
: 3\ U

olor Bar
B AMPLITUDE f
fy

AMPLITUDE
16 1

14

14

13

12

11

]

Copyright © 2022 Dynamic Measurement LLC.
All Rights Reserved.

e —
willowstick

YNAMIC
EASUREMENT

Cedar Valley Lightning Analysis 117




Southview: 5-GH G2 RAP Lines 5 & 9,

YNAMIC

300 feet south Line 9 willow stick|| MEASUREMENT

Color Bar
B AMPLITUDE 2
Min

:0 LI Map 1 (TWVDS5) | El Section, 3(T Ds3) « |
| —_—

@

00 Bl

AMPLITUDE
16 1

14

FRO%9 @ e 26850 54 54

14

13

12

11

]

Copyright © 2022 Dynamic Measurement LLC. . . .
20-Jul-22 All Rights Reserved. Cedar Valley Lightning Analysis 118



Southview: 5-GH G2 RAP Lines 5 & 9, e || Branic
600 feet south Line 9 willow stick|| MEASUREMENT

VDSE) LRICHINY (| Map 1 (TVDSS) | & Sectior, 3 (T\ DSS)
(e

olor Bar [4]
B AMPLITUDE 2

Iin

)
é
19710749 (if=}] 389711048

@

00 B

1

AMPLITUDE
14 16

FREO09 @ w > 26850 5 4 53

14

13

12

11

]

Copyright © 2022 Dynamic Measurement LLC. . . .
20-Jul-22 All Rights Reserved. Cedar Valley Lightning Analysis 119



Harmony Hills: BB RAP Line-07

YNAMIC
EASUREMENT

e —
willowstick

Ab (high ledifude)zs AJ

II|III1

1’ ¥last Drop Drilling and Pump

ayer] edeudind

t
)

J

o
Harmony Hills SP@JKT)’

1000 -

s .
Harmony Mountains 242 mi

20-Jul-22

. 1200
Copyright © 2022 Dynamic Measurement LLC.
All Rights Reserved.

Cedar Valley Lightning Analysis 120




Harmony Hills: BB RAP Line-07, 1,200 feet west |\ iowstic k|| MeAsthevent

TVDSS) i Rl SR [ | Map 1 (TVDSS) | & Section 3 VDS 3} %
olor Bar ]

1547404

B AMPLITUDE J 2:
Min

{E=F

AMPLITUDE
11 12 13 14 15 16 1
raO0%@ws 2R8NS 5 LIRS

10

Copyright © 2022 Dynamic Measurement LLC.

20-Jul-22 All Rights Reserved.

Cedar Valley Lightning Analysis 121



Harmony Hills: BB RAP Line-07, 900 feet west \villowscic k| Measkevent

T/DSE) el SN (| Map 1(TVDSS) | Ei Section 3('VDS3)
olor Bar [4] ] 9
B AMPLITUDE j 220621 E 2k,
Min

(LY

- .‘
.
4
wh
iy
.
H‘
O
il

AMPLITUDE
A

Copyright © 2022 Dynamic Measurement LLC.

20-Jul-22 All Rights Reserved.

Cedar Valley Lightning Analysis 122



Harmony Hills: BB RAP Line-07, 600 feet west \villowscic k| Measkevent

YOSS) i Rl SR (| Map 1 (TVDSS) | & Section3 TV, §) %
olor Bar

®

B AMPLITUDE

Iin

0P

AMPLITUDE
14 14 16 1

SfEO0%@w:> 2@83 545 53

1M 12 13
St -
1]
1]

10

Copyright © 2022 Dynamic Measurement LLC.

20-Jul-22 All Rights Reserved.

Cedar Valley Lightning Analysis 123



Harmony Hills: BB RAP Line-07, 300 feet west

WDSS)

olor Bar

B AMPLITUDE /220
Min

[LE=FS

AMPLITUDE
11 12 13 14 15 16 1
Il oo b

10

20-Jul-22

BH=E

»

-6 @ B8

0% @e> 20815 5l

BN

LI Map 1 (TWVDS5)

Bl Section 3 {TVDs» ™ %

Copyright © 2022 Dynamic Measurement LLC.
All Rights Reserved.

———
willowstick

YNAMIC
EASUREMENT

Cedar Valley Lightning Analysis 124
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Rise-Time Line 050 HH & SC
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Rise-Time Line 150 HH & SC
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* Lightning Analysis helps understand the regional geologic framework
for aquifer definition in Cedar Valley.
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