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Water Issues and Solutions

H. Roice Nelson, Jr.        Texas Professional Geoscientist #5120 04 November 2019

This presentation, with links, and a video can be downloaded from: http://www.walden3d.com/water
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Pioneer Moment
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Introduction: Water Issues are Legal not Scientific

Recharge
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Discharge

Law Requires:

1. Recharge     
must equal 
Discharge

2. Depth of Wells 
not considered

3. Age of Water 
not considered

4. Enforcement is 
model based

Science Shows:

1. 28,000 A.F. Out 
21,000 A.F.  In   
7,000 A.F. Over 
in valley aquifers

2. Drainage Basins 
& Valley Aquifers

3. Using 5K-16K 
year old water

4. Models are, at 
best, estimates



Two Legal Concepts used in this presentation

Safe Yield, the basis for State Engineering planning, which is defined as follows:

• Safe yield of a groundwater basin or aquifer system is the amount of water that can be 
withdrawn from it without producing an undesirable effect (Todd, 1959), including:
• Reduced discharge of groundwater to surface water features.
• Reduction in ecological base flows.
• Overlapping of drawdown cones.
• Depletion of reserves.
• Land subsidence due to pore pressure reduction.

Law of Capture:

• The law of capture states that the first person to capture a natural resource owns that 
resource. The rule of capture helps in determining the ownership of natural resources like 
groundwater, oil and gas that is captured. The rule encourages an owner to drill as many 
wells as possible on his/her piece of land so as to extract all the groundwater, oil and gas. 
The rule of capture was developed by English common law. However, U.S. courts have 
also applied the rule of capture, and it is the basis of oil & gas law in Texas.
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Ground Water Management Plan

Problems (https://www.waterrights.utah.gov/groundwater/ManagementReports/CedarValley/Recharge%20Estimate%20for%20Cedar%20City%20Valley.pdf):

28,000 acre-feet per year depletion from groundwater pumping,

21,000 acre-feet per year average annual recharge                      ,

7,000 acre-feet per year over-pumping of The Aquifer +

There is 50,878.36 acre-feet Cumulative Depletion allocated for Cedar Valley. 

Plans at Groundwater Plan Web Site for Cedar Valley (https://www.waterrights.utah.gov/meetinfo/m20161208/):

• Recharge aquifers.

• Retract water rights granted after 1934:

• Build a $200-$500 million-dollar pipeline from Wah Wah & Pine Valleys in Beaver County.
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1. Recharge Must Equal Discharge
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• The State Engineer, Kent Jones, presented a 
ground water management plan for Cedar 
Valley at Cedar High School on Wednesday, 
15 Oct 2019.

• He showed the drop in water levels in wells 
throughout the Cedar Valley Aquifer.
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Kent Jones also talked about Recharging “the Aquifer”

• Our deficit in the valley is 7,000 so we exceeded 
our deficit by nearly 3,000 acre-feet.

• Cedar City, CICWCD, Iron County and Enoch City 
should be very proud of the accomplishments to 
capture this precious resource. It was inter-local 
agencies and the communities working together that 
made this possible. We will continue to push for 
future projects to assist in this effort.

• The results of these efforts will protect private and 
governmental water rights and even though it will 
be needed at some point it will delay the need for a 
very expensive pipeline from Pine Valley. Very 
grateful for the moisture we have been blessed with.

Paul Cozzens
435-590-7618
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• The drop in aquifer levels should be a concern 
for everyone in Cedar Valley:

• Empty aquifers collapse, and will not refill.

• This causes the fissures seen out by Enoch.

• Note the study of aquifers are only in the valley:

• Bed Rock aquifers, outside of the valley fill, will 
neither drop nor collapse the same way.

• Next a brief geology lesson:
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2014: UGS_Land-Subsidance_Fissures_Cedar-Valley.pdf

He focused on lowering aquifer levels

http://www.walden3d.com/IronCounty/CedarValleyWater/Articles/140000_Land_Fissures_Cedar_Valley.pdf


Cedar Aquifer (white) is a subset of the
Cedar Valley Drainage Basin (black)

The Cedar Valley 
Aquifer is a 
subset of the 
Cedar Valley 
Drainage Basin, 
and is the white 
area on map to 
the left.

Black areas are 
referred to as 
“Bedrock” areas.

There is a big and 

important 

difference 

between the 

“Cedar Valley 

Aquifer” and the 

“Cedar Valley 

Drainage Basin.”

http://www.walden3d.com/IronCounty/ig/IronCounty/IC_CVA.html
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Cedar Valley Aquifer

• Most of the wells, and thus the USGS & 
UGS model studies of aquifer level drop, 
and resulting problems which impact 
Safe Yield within the Cedar Valley 
Drainage Basin, are in the unconsolidated 
valley fill of the Cedar Valley Aquifer.

• However, the “Effective Area” defined by 
the State Engineer and his staff is the 
entire Cedar Valley Drainage Basin. 
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Fluvial Systems and Aquifers,
like the Cedar Valley Aquifer, have complex geometries

A 3-D seismic case history evaluating fluvially deposited thin-bed reservoirs 

in a gas-producing property, Bob A. Hardage, et. al., Geophysics, Nov. 1994.

Flow Processes and Sedimentation in a Low-Sinuosity High Net-Sand Content Fluvial 

Channel Belt: 3D Outcrop Study of the Cedar Mountain Formation, Utah, Bradley Nuse, 

http://inside.mines.edu/UserFiles/File/CoRE/Thesis_Dissertation/Nuse_Bradley.pdf

Chapter 2, The Facies and Architecture of Fluvial Systems, Figure 2.2, page 11.
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Aquifers in the first 600-800 feet of 
the Cedar Valley Aquifer are Complex

https://www.researchgate.net/publication/303960851_Stratigraphic_rule-based_reservoir_modeling/figures?lo=1
https://www.shearwatergeo.com/

3-D seismic horizontal slice showing fluvial channels
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Water & the Potentiometric Surface

Cedar Mountain water flows east, 

away from Cedar Valley, as shown 

by the ice flows just past the 

landslide area up Cedar Canyon

Both photos west side of Highway 14

No ice flows on east, due to east dip.

https://www.slideshare.net/VISHNUBARUPAL/types-of-aquifer-by-bablu-bishnoi-65855846, slide 16 of 24.
Photos by Gary F. Player
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Loss of Coal Creek Water in Jurassic Sandstone Red Rocks

Water migrates down bedding planes. Bedding planes continue underneath the valley fill soils. Joe Armstrong contends 

there is 50% water loss from Coal Creek as the creek passes over the high porosity Navajo Sandstone formation.
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Faults & Dip Force Water Flows from 
Cedar Mountain East & South

• Bedrock dips to the east about 10 degrees;

• Faults bounding the valley disrupt baseflow, 
especially into the Cedar Valley basin fill aquifer.

• Aquifer overproduction is very shallow (less than 
800 feet depth) and except for water flowing down 
Coal Creek and Fiddler’s Canyon these shallow 
layers are isolated from mountain recharge by 
layers of clay and the potentiometric surface dip.

http://cbgwma.org/index.php?option=com_content&task=view&id=60&Itemid=115

Photos by Roice Nelson
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USGS Report 2017-5033, Water Resources of Parowan Valley, Iron County, Utah modified 

with blue south trending, along large faults transport, arrows 

https://pubs.usgs.gov/sir/2017/5033/sir20175033.pdf.

SUP Pot Luck Lunch Talk  1704 November 2019 Copyright © 2019 Walden 3-D, Inc.

• Defined by Limited Area within Drainage Basin.

• Does not recognize
flow along faults
to south.

USGS & UGS Groundwater Budget

https://pubs.usgs.gov/sir/2017/5033/sir20175033.pdf


2. Depth of Wells – Drainage Basins & Valley Aquifers
In 2006, I looked at 145 well logs in Cedar Valley, the deepest well was 820 feet deep
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Geologists Use Cross-Sections to Show Trends

In Cedar we can drive up the Cedar Canyon to study geology faulted down underneath the valley by the Hurricane Fault. 

http://www.walden3d.com/IronCounty/ig/IronCounty/IC_Geologic_Map.html
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The Geology of Cedar Valley, Iron County, Utah, and its relation to ground-water conditions, https://ugspub.nr.utah.gov/publications/special_studies/ss-103.pdf

Profile 711

Seismic & Geologic Cross-Sections in Cedar Valley

C C’

Profile 711

C
C’

The Cedar Valley Aquifer is the first 800 feet of “A” 

in the two cross-sections above.

*Roice Nelson, 

geophysicist 

running Mobil 

Oil seismic 

crew in Cedar 

in 1978-1979

*

~7,000’

7,000’
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Lower Hydrostatic Pressure

The Southern Great Basin 

has lower than normal 

hydrostatic pressure, which 

the same as when there is 

low hydrostatic pressure in a 

city water system, means 

there is a leak in the system.

The Great Basin leak is 

Grand Canyon.

Formation Pressure as a Potential Indicator of High Stratigraphic Permeability, Rick Allis, UGS,

http://www.walden3d.com/IronCounty/CedarValleyWater/140224_Pressure_Permeability_Great_Basin.pdf
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Water Flows
by Gravity and along Layers and Cracks

The “leak” in the 

Southern Great Basin 

is the Grand Canyon.

See http://www.walden3d.com/IronCounty/CedarValleyWater/ #8. at bottom of page.
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Enoch

Quartz

Monzonite

Well

3. Age of Water: 500-year to 16,500-year-old-water

Understanding Water Age:

• Shows new water is 
leaking south along the 
Harmony Hills Fault.

• For $45/sample I can get 
water ages for ever well 
in the Drainage Basin at 
the University of Utah.

• This data can be mapped 
to show relationships 
between different 
producing zones in the 
unconsolidated Valley 
Aquifer, as well as with 
tested bedrock aquifers.
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Ever wonder why there are so many 
springs at the base of volcanic flows?

• Think Condensation.

• Condensation has been used anciently.

• There are new Condensation tools.

• New Condensation materials and 

procedures are being worked on.
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Historical Condensation Approaches
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Modern Condensation 
Approaches
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https://www.dezeen.com/2018/11/05/wedew-air-drinking-water-artificial-clouds-shipping-

container/?utm_medium=email&utm_campaign=Daily%20Dezeen&utm_content=Daily%20Dezeen+CID_5

4b9eb332f12236424294a7ff377b048&utm_source=Dezeen%20Mail&utm_term=WEDEW%20turns%20air

%20into%20drinking%20water%20by%20creating%20artificial%20clouds%20in%20shipping%20container

http://technology.newscientist.com/channel/tech/dn12923-dewharvesting-web-conjures-water-out-of-thin-air.html?feedId=online-news_rss20

https://www.dezeen.com/2018/11/05/wedew-air-drinking-water-artificial-clouds-shipping-container/?utm_medium=email&utm_campaign=Daily%20Dezeen&utm_content=Daily%20Dezeen+CID_54b9eb332f12236424294a7ff377b048&utm_source=Dezeen%20Mail&utm_term=WEDEW%20turns%20air%20into%20drinking%20water%20by%20creating%20artificial%20clouds%20in%20shipping%20container
http://technology.newscientist.com/channel/tech/dn12923-dewharvesting-web-conjures-water-out-of-thin-air.html?feedId=online-news_rss20


Two New Condensation Tools
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Farhad Fathieh et al. Sci Adv 2018;4:eaat3198     http://advances.sciencemag.org/content/4/6/eaat3198.full

http://advances.sciencemag.org/content/4/6/eaat3198.full


Deviated Wells can bring water from the Top of the Mountains 
to the Valley, and with turbines, will provide a new energy source.

• USGS and UGS Models do not 
include consolidated rock.

• There are ways other than 
priority allocation to solve 
water issues in Cedar Valley.
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http://www.walden3d.com/IronCounty/CedarValleyWater/pdf/0508

_Hydrogeology-Groundwater_Flow_Iron_County_Utah.pdf
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A Qanat or Kariz is a gently sloping underground channel 
to transport water from an aquifer

• Qanat technology was developed in ancient Iran about 1,000 BC.

• The water in the Granite Vault (think Quartz Monzonite) is a Qanat.
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https://en.wikipedia.org/wiki/Qanat

Mine, water source, 

in Mineral Mountains 

north of Minersville

https://en.wikipedia.org/wiki/Qanat


4. Enforcement Model are Biased Estimates 

Quartz Monzonite Aquifer Cedar Valley Aquifer Cretaceous Aquifer
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245 square miles 

of untapped 

Quartz Monzonite 

Aquifer

152 square miles 

of tapped Cedar 

Valley Fill 

Aquifer

77 square miles 

of untapped 

Cretaceous 

Aquifer



The Quartz Monzonite Aquifer

Water Table on top of untapped quartz monzonite 
aquifer at Blowout Pit, Iron Mountain.

To the left are Schlumberger well log results 
dated 30 Jun 1984, 20 Sep 1984, and 17 Jan 1985 
from a well Arco drilled at Iron Springs. The high 
porosity, highlighted with { in blue, is from fresh 
water in the fractured quartz monzonite. This 
fractured quartz monzonite is the same geology 
as the successful well drilled in Enoch against the 
dipping Cretaceous beds.

http://www.walden3d.com/IronCounty/ig/IronCounty/IC_QMA.html
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The Overproduced 
Cedar Valley Aquifer

• Map and cross-section to 
the far left, show 
configuration under the 
Cedar Valley aquifer.

• Almost all water wells are 
less than 800 feet deep.

• With over a mile of 
sediment, only the first 800 
feet have been tested with 
water wells and produced.

• The Cedar Valley Aquifer is 
shown by the blue colored 
squares on map just to left.

• Each colored square is 
about ~0.36 square miles in 
size. There are 421 cells 
covering the Cedar Valley 
Aquifer, or 152 sq. miles.

http://www.walden3d.com/IronCounty/ig/IronCounty/IC_CVA.html
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The Cretaceous Aquifer

The Cretaceous 
Aquifer was 
successfully 
tapped at Brian 
Head in the city 
well.

The landslides 
are not a result 
of the coal mine 
having been 
here, they are a 
result of the 
coal mine not 
draining water 
off of the cliffs.

http://www.walden3d.com/IronCounty/ig/IronCounty/IC_KA.html
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The Landslide Area Needs to be Drained, to avoid a repeat

Location Map

The map to the left shows a horizontal well draining into Whiskey Hollow, then 

flowing into Coal Creek. Jay Grimshaw suggested a horizonal well from the east 

base of the landslide to the west to drain the rubble beds at the base of the landslide. 

The plan is to eliminate future landslides caused by water buildup in the old mine 

adits and natural fractures southwest of and above the right of way. UDOT expressed 

some interest in these ideas. Additional benefits could be the addition of water to 

Coal Creek in the dry times of the year. 

Player & Nelson took Jay Grimshaw on a field trip, where we learned Grimshaw 

Drilling can drill horizontally in bedrock. Jay did not like the idea of drilling from 

above the landslide and deviating the well underneath the highway to empty water 

into Coal Creek. All of the fractures in the Straight Cliff Formation create a 

significant risk of water escaping from of the drill hole, and coming out of the cliff 

above the landslide area and creating problems for the road.   

Damage last time there was a landslide. 

Estimated cost to fix the next landslide is $15,000,000.

The landslides are not because the coal mine 

used to be there, rather they occur because 

the coal mine is no longer there and so 

water is not being drained out of the 

Straight Cliffs.

http://www.walden3d.com/IronCounty/CedarValleyWater/pdf/

170817_How_to_Test_Proposed_New_Aquifers.pdf

Potential Cretaceous Water:

10,000,000 acre-feet

Probable Annual Recharge:

15,000 acre-feet per year

04 November 2019 Copyright © 2019 Walden 3-D, Inc. SUP Pot Luck Lunch Talk  34

http://www.walden3d.com/IronCounty/CedarValleyWater/pdf/170817_How_to_Test_Proposed_New_Aquifers.pdf


Short Video
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2006 Display for Eldon Smoots, 
President of the CICWCD

Prior to this display, CICWCD was 
promoting the Lake Powell Pipeline:

• In 2006 CICWCD filed on water in 
Wah Wah, Pine, and Hamblin Valleys, 
Beaver County;

• CICWCD has won lawsuits giving 
them the water rights being sought in 
Wah Wah and Pine Valleys;

• This is a forward looking, aggressive, 
and a worthwhile accomplishment.

• However, the current $500 million 
estimate for a pipeline is unreasonable 
for the existing tax base.
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Pine and Wah Wah Valley Water ($500 million pipeline):
The only source that will provide new water for Cedar Valley?
• Over 12% Hay and 30% of grassy hays exported overseas (Saudi Arabia, China, etc.).

• This is exporting water from Iron County (this water exporting be taxed to pay for pipelines, etc.).

• A cheaper alternative to building a pipeline is to build a rail line into Pine Valley, and transport it by train.

• This would allow water to be sold and transported to anyplace with an emergency, for example Flint, Michigan.
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Water Train – Pipeline Alternative

Assumptions:
• 20 or 30 miles of new track

• 1 or 2 SD70 DC or SD900MAC locomotives

• 40,500-gallon DOT 117 Tank Car

• 100 or 200 Tank Cars

• 1 trip, 300 days per year

• Transporting 2,285 acre-feet or 4,330 acre-feet water

• 5 gallons diesel per mile at $3/gallon

Implies:
• Low Cost $24,725,000 year 1, & $225,000 per year 2-N

• High Cost $77,500,000 year 1, & $900,000 per year 2-N

• Water can be transported anyplace a train goes to          
for humanitarian purposes, or for profit

• This provides a train for other uses in Cedar Valley, 
including transporting workers to use water at origin
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Summary
• It is logical to only apply the mandatory allocation plan to the 

Cedar Valley Aquifer, where all modeling was done, and not to the 
entire Cedar Valley Drainage Basin.

• Water rights transferred from the Cedar Valley Aquifer to bedrock 
aquifers in the Cedar Valley Drainage Basin will reduce the 
overproduction and the 50,000 acre-feet over allocation, and any 
wells to the east can use existing distribution systems to get water 
to the farms.

• Age dating needs to be done for every well in Cedar and Parowan 
Valleys, and ages mapped to define relationships between the 
different producing zones within the Valley Fill Aquifers and with 
any Bedrock Aquifers with well tests.

• Find funding for test wells (for example, The Department of 
Transportation to drain rubble beds at landslide area) to prove up 
the bedrock Quartz Monzonite and Cretaceous Aquifers, noting 
these areas can be produced under the Law of Capture without 
impacting Safe Yield to other basins over the next 500-1,000 years. 

• Have the Water Management Committee look into new 
condensation, horizontal drilling, train transportation of water, and 
other related technologies before creating a $500,000,000 bond.

• Note: Kent Jones, State Engineer, announced his retirement within 
a week of telling Iron County residents about the mandatory water 
allocation plan.
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H. Roice Nelson, Jr. Vita

GENERAL STATEMENT
Roice is an experienced interpretation geoscientist who has spent his career 
working in the international petroleum industry.  As a seismic interpreter he 
has worked over 100 interpretation projects worldwide.  Roice has proven 
success in using, creating, and building new tools and processes for the 
hydrocarbon exploration industry.  In 2008 Roice selected 6 professionals to 
join with him as co-founders of Dynamic Measurement, LLC (DML), and 
they have spent the last 10 years laying the groundwork for a new branch in 
the geophysical service industry: lightning analysis.  

As the initial founder of Landmark Graphics, Roice designed the 
interpretation software, and created a university program which placed 
advanced interactive interpretation systems in many universities worldwide 
to support research and teaching.  He taught courses on interactive 
interpretation and new technologies for Landmark and for IHRDC all over 
the world. He also has a consulting company (W3D) and an exploration 
company (DRC) to utilize industry and proprietary tools and processes to 
explore for, develop, and produce natural resources: hydrocarbons, 
geothermal energy, minerals, etc.  

The map below shows locations of many of the exploration projects Roice 
has worked on since 1970.

W3D Infinite GridSM Spatial Resume showing Roice’s interpretation project locations.

ROICE NELSON CHRONOLOGY

Dynamic Measurement LLC, Co-Founder / Manager, Oct 2008-Present 

DML established to exploit using lightning data as an on-shore and shelf 

NSEM (Natural Sourced Electromagnetic Method) exploration tool and to 

create a new branch in the geophysical services industry.

Dynamic Resources Corporation, Finder / President, Jan 2001-Present 

Generate and drill or mine prospects and commercialize new technologies. 

Walden 3-D, Inc., Finder / President, May 1990-Present

W3D established as a new company incubator, doing geotechnical 

consulting and mini-urban design.  Primary companies started include DML, 

DRC, Walden Visualization Systems, vPatch, Advanced Structures 

Incorporated, HyperMedia Corporation.  Completed major seismic 

interpretation projects on 5 continents, and developed several unique 

information technologies including The Infinite GridSM, The Knowledge 

BackboneSM, and the Abbott Atlas. 

Geophysical Development Corporation (GDC), Vice-President 

Interpretation Business Development, April 2004- Sep 2007 

Opened GDC China market, and helped build an integrated interpretation 

business.  Interpretation for Ji Dong (3700 B/D, largest find in China in 10 

years), Tarim (130 BCM, 3rd largest gas field in Xinjiang), Da Qing, Xing 

Jiang, and Tuha Chinese Oilfields.  Created GDC’s TilesTM Studies.   

Continuum Resources Intern’l Corp., Co-Founder, Sep 1997-Aug 2000 

Demonstrated real-time simultaneous virtual reality collaboration with 

terabyte databases in London England, Perth Australia, and Houston. 

HyperMedia Corporation, Jan 1991-2007,  Co-Founder 

Designed, built, and produced a UNIX, X-Windows, Motif, Client-Server 

hypertext engine, sold, and installed site-license to Saudi Aramco.  

Landmark Graphics Corporation, Nov 1982-Sep 1992, Co-Founder 

Designed user interface of first stand-alone seismic interpretation 

workstation software, only exploration geophysicist, worked with customers 

all over the world, established and ran Landmark’s University Program. 

University of Houston’s Allied Geophysical Labs (AGL) & Seismic 

Acoustics Lab (SAL), Jan 1980-Nov 1982, Founder, General Manager 

Managed physical modeling facility at SAL, created 4 new labs.           

Mobil Oil Corporation, Jul 1974-Jan 1980, Geophysicist

Seismic interpretation, processing, and acquisition geophysicist.           

Amoco Corporation/Pan American Corporation, Summers 1973 & 1970

Summer Intern and Assistant Geophysicist in Denver

EDUCATION

1981, MBA (Master’s Business Administration) Southern Methodist Univ. 

1974, B.S. Geophysics, University of Utah

OTHER

Published 220+ technical papers since 1973, including the book New 

Technologies in Exploration Geophysics in English and Chinese. Details 

available on request, lightning papers can be reviewed at 

http://www.dynamicmeasurement.com/TAMU.

• Co-Organized 9 SEG Research Workshops, including Remote Sensing 

Workshop at the Anaheim, California Convention, Friday, 19 Oct 2018.

• Honorary Membership GSH (Geophysical Society of Houston).

• Enterprise Award SEG (Society of Exploration Geophysicists).

• Key Professional Societies: AAPG, EAGE, GSH, HGS, and SEG.

PROFESSIONAL REGISTRATIONS

American Association of Petroleum Geologists Number 476651                

Texas Professional Geoscientist #5120

Louisiana Professional Geoscientist #879 (not active).

CONTACT INFORMATION:
2155 West 700 South #31, Cedar City, UT 84720 T. (713) 5420-2207             
Roice Nelson rnelson@walden3d.com

PRESENTATION & VIDEOS Available at:

http://www.walden3d.com/water
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