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2003-05 Study Objectives

 Improve 
understanding of 
GW flow system

 Provide information 
and tools to refine 
GW budget and to 
estimate effects of 
future development



2003-05 NUV Study
 Expanded study boundary beyond Clark & Appel, 

1984 – 85 study

Study area includes:
 Mountain block to 

drainage divide
 Area west of Utah Lake
 Southern boundary line 

through Utah Lake

Presenter
Presentation Notes
The study area boundary was expanded to include groundwater development on the west side of the valley. Including the Wasatch Mtns to the east allows the simulation of recharge processes affecting the basin-fill aquifer system. 



Northern Utah Valley – Hydrology
 Principal GW reservoir is 

in basin-fill deposits
 Primary recharge area: 

coarse-grained, 
downward flow

 Secondary recharge area: 
confining layers, 
downward flow

 Discharge area:  
Confining layers,    
upward flow

Presenter
Presentation Notes
Study focused on basin-fill aquifer system. GW also in the consolidated rock underlying and surrounding valley, but little information is available on it.



3-D Hydrogeologic Framework

Presenter
Presentation Notes
Used 924 lithologic logs from wells to build a simplified 3-D  hydrogeologic framework of the basin-fill aquifer system in northern Utah Valley.
Pink/reddish colors represent confining layers (fine-grained sediment such as silt and clay).
Blue represents aquifers—layers containing sand and gravel.
Fault zone on west side of Utah Lake coincides with differences in layers between east and west sides of valley.



3-D Hydrogeologic Framework

Presenter
Presentation Notes
Log info simplified into generalized categories: red=clay, yellow=sand, green=gravel, blue=cobble/boulder, grey=bedrock
The cross sections intersecting near Lehi show the unconfined PLB aquifer (dark blue)  to the east, the start of confining layers (pink/red) and how they become thicker toward the lower part of the valley, and the confined SP, DP, and QT aquifers near Lehi and Utah Lake.



3-D Hydrogeologic Framework

Presenter
Presentation Notes
The cross section on the left depicting the west side of the valley from Saratoga Springs to Eagle Mtn is based on just a few wells, but you can see the basin fill is relatively thin and is underlain by bedrock. 
The cross section on the right shows the confined aquifers in the Orem/Provo area, including the deep wells completed in the QT aquifer in the Geneva area. Few wells penetrate the QT, it is at least 600 ft thick nr Vineyard.



Conceptual Model of East Side of Valley
Unconfined pre-Lake Bonneville aquifer (PLB)
3 confined aquifers  (SP, DP, QT)

Presenter
Presentation Notes
Unconfined aquifer near mtn front is made up of coarse-grained pre-Lake Bonneville deposits (PLB). The SP, DP, and QT aquifers are lateral continuations of the PLB aquifer, but have become confined by multiple clay and silt layers acting as confining layers. Layers are generalized.



Conceptual Model of West Side of Valley
Western unconsolidated aquifer (WU)
Shallow, fractured bedrock aquifer



Groundwater Budgets

Presenter
Presentation Notes
Based on the results of this study, 1975 – 2004 average recharge to the principal basin-fill aquifer system = 153,000 acre-ft/yr (+/- 31,500). 
Most of recharge is from subsurface mountain-block inflow and from seepage from streams and canals near mountain front. Estimates of uncertainty, applied as a percentage, were used to represent a probable range of values. For example, an uncertainty of 10% was applied to recharge from streams and canal seepage based on the precision of the data-collection method. Uncertainty from MBR was assumed to be 30% because of the variability in bedrock hydraulic conductivity and ET used in the calculations.
Most of discharge is seepage around and beneath Utah Lake and from wells.
This GW budget has less recharge and discharge than the budget developed by Clark and Appel for conditions in 1980-82. 1980-82 was a wetter than normal period and likely influenced estimates of MBR and discharge to drains and springs around and beneath Utah Lake. 
Values for the 2003-2004 budget are lower because it was a dry year during a dryer than normal period. 
Will discuss model simulated budget a little later.




Mountain-Block Inflow

 Net infiltration of 
precipitation on 
mountains = 
Precip – ET – Runoff

 Mountain-block 
subsurface inflow 
(MBR) = Net infiltration 
– Base flow to streams

 1975-2004 ave MBR =  
66,000 acre-ft/yr (+/- 30%)

Presenter
Presentation Notes
Used hydrologic budget of mountain-block areas to estimate net infiltration of precipitation on the mountains. After subtracting the amt of GW discharge to streams in the mountains (baseflow), the remainder is assumed to recharge the basin-fill aquifer system as subsurface inflow from the mountain block. 
- MBR can increase drastically during periods of greater than average precipitation because evapotranspiration does not increase beyond certain values, leaving more water to runoff and to infiltrate. You see this on many hydrographs with historically high water levels correlating to high precipitation of the early 1980s.



Data Collection
 Assembled data 

1947 – 2004 
 Groundwater levels
 Utah Lake levels
 Stream & canal flows
 Spring and drain 

discharges
 Land-use changes
 Pumping records
 Precipitation data

Presenter
Presentation Notes
Assembled existing data from 1947-2004 to better understand basin-fill groundwater system in NUV.



Data Collection

 Collected new data
 Water levels
 Spring and drain 

discharge
 Isotopes, dissolved-gas, 

& major-ion chemistry

Presenter
Presentation Notes
Also collected new data to better understand system.



2004 Water Levels

 Shallow Pleistocene 
aquifer (SP): 79 wells

Presenter
Presentation Notes
WLs measured in March 2004. Affected by below normal precipitation in 2001-03.
WL contours are perpendicular to GW flow.



2004 Water Levels

 Deep Pleistocene 
aquifer (DP): 55 wells

 Pre-Lake Bonneville 
aquifer (PLB): 37 wells

Presenter
Presentation Notes
WLs measured in March 2004. Affected by below normal precipitation in 2001-03.
WL contours are perpendicular to GW flow.



2004 Water Levels

 Quaternary/Tertiary 
aquifer (QT): 31 wells

 Western Unconsolidated 
aquifer (WU): 21 wells

Presenter
Presentation Notes
WLs measured in March 2004. Affected by below normal precipitation in 2001-03.
WL contours are perpendicular to GW flow.



Water-Level Change 1981 – 2004

 108 wells measured in 
both 1981 – 82 and 
2004 – 05

 Average decline of 
22.7 ft in all aquifers

 Largest decline 108 ft 
in PLB aquifer

 Declines due partly to 
1999 – 2004 drought

Presenter
Presentation Notes
Change map combines data from all 4 aquifers.
Declines in confined aquifers were less than in unconfined PLB aquifer.



Water-level change maps
 Magnitude of water level 

change
• Number of wells and timing

 Delineation of change
• Depth of well and aquifer

NUV report (60+ wells)

2010 GW report (10 wells)

Presenter
Presentation Notes
Difference between 1981-2004 wl change map in 2003-05 study report (fig. 32) and 1980-2010 wl change map in GW Conditions 2010 report (fig. 20) is caused by the different time periods and wells used. Would be opportune to measure wls in March 2011 in wells measured in 1981 to construct a 30-year wl change map based on a large number of wells.



Declines in Drain Discharge
Land-use change from agricultural to residential/commercial
Decrease in confined aquifers hydrostatic pressure
Drought conditions in 1999 – 2004 
Estimated at about 55,000 acre-ft in 2003 – 04

Presenter
Presentation Notes
Measured drain discharge (green points) in early 1960s, 1980s, and 2000s as part of the 3 GW studies.
Past estimates likely included discharge from the shallow Lake Bonneville aquifer that was recharged locally by unconsumed irrigation water.  This flow has decreased because of agricultural land changing to urban land, reflected in the decreased flow in Provo area irrigation canals (red points).



Water Quality

 Sampled 36 wells & 
springs along expected 
flow paths

 Nested samples
 TDS lower on east side
 TDS decreased with 

depth

Presenter
Presentation Notes
Nested samples=same location, different depth/aquifer.
West side TDS range 783-1,590 mg/L, east side range 141-491 mg/L.
Median TDS SP aquifer = 332 mg/L, PLB/DP = 259 mg/L, QT 151 mg/L.



3H/3He GW 
Ages

 Age range 2 to 
greater than 50 years 

 Age increases away 
from the mountains

 Age increases with 
depth

 Mixtures of modern 
and pre-modern 
water

Presenter
Presentation Notes
Tritium/Helium-3 ages indicate younger, modern water (blue) generally near mountain front.
Mixtures of modern and pre-modern waters = green
Pre-modern (yellow) at depth and further down flow paths.



Recharge 
Temperatures
 Determined from 

dissolved gases
Generally,
 Cool Tr  MBR
 Warm Tr  MFR
 Estimated fraction 

of mountain versus 
valley recharge

 Valley water table = 12 to 14oC
 Mountain springs = 0 to 10oC

Presenter
Presentation Notes
Cool recharge temp = larger fraction of MBR. 



GW Flow 
Paths

 MBR flow paths
• Deeper
• Broader area
 MFR flow paths

• Localized near 
streams & canals

• Follow more 
transmissive 
deposits 

Presenter
Presentation Notes
Flow paths based on water levels, recharge temperature, and water-quality information.



Flow Path Characterization

Dissolved Solids

TrMax

Age

Presenter
Presentation Notes
Water quality information helped to refine the conceptual model of the GW flow system by helping to distinguish GW sources and flow paths. For example – the major-ion chemistry helped delineate flow paths.  The tritium (apparent age) and dissolved gas data (maximum recharge temperature) show where large fractions modern and pre-modern water were found as well as where large fractions of MRB versus MFR exist in the valley.  



Flow Path Characterization

Low dissolved solids

Pre-modern age

Warm recharge temp

Presenter
Presentation Notes
QT GW from MBR
Mixing of upwelling QT with DP and SP GW.




NUV Numerical Model
Refined conceptual model 

used to develop new 
MODFLOW model

Hydrogeologic unit 
HUF1_Surf

Presenter
Presentation Notes
Expanded model boundary. Variable cell size, but in valley: 0.3 mi on a side
11 Hydrogeologic Units simulated using 4 model layers
Used hydrologic data from 1947 to 2004



Computed vs Measured Head 1947 – 2004

Presenter
Presentation Notes
Model was calibrated to heads and flows through time. These are an example of the hydrographs shown in the report. Simulated water-levels are a good match to measured water levels throughout most of the valley. Patterns of water level change match well even where there is offset between the absolute water levels. Water levels in most measured wells reached a maximum in 1984 because of greater than normal precipitation from 1980-83.



Simulated Mountain-Block Inflow
Simulated mountain-

block recharge

 Recharge increased 
in American Fork 
drainage

 1947 simulated MBR 
= 62,500 acre-ft

 2004 simulated MBR 
= 67,700 acre-ft

Presenter
Presentation Notes
Had to increase mtn recharge in American Fork drainage during calibration and conceptually to match base flow requirements and water levels around the benches.
- Simulated areal recharge over the mountain block (before subtracting out baseflow) ranged from about 11,000 acre-ft in 1976 to 153,000 acre-ft in 1982. 1976 was a very dry year whereas 1982 was a very wet year.
2004 was 5th consecutive year of below or near normal precipitation and simulated MBR (67,000 acre-ft) is similar to the conceptual model average (66,000 acre-ft/yr) and much larger than the hydrologic budget amt of 54,000 acre-ft in 2004. This indicates that the numerical model needed more MBR to calibrate to area water levels and discharge than what was estimated as part of the interpretive study. 



1947 - 73

Simulated Areal Recharge

Infiltration of 
unconsumed 
irrigation water 
from fields, lawns, 
and gardens

1947 - 731974 – 831984 - 911992 - 981999 - 2004

~ 9,000 acre-ft/yr  early years
~ 6,000 acre-ft/yr mid 1990s
~ 5,600 acre-ft/yr late years

Recharge from precipitation in 
primary recharge area of valley 
1,400 – 5,000 acre-ft/yr

Presenter
Presentation Notes
Primary recharge area only.
Distribution based on water-related land-use surveys made in 1966, 1980, 1988, 1995, and 2002 by Utah Department of Natural Resources.
Recharge from unconsumed irrigation water and precip on valley were specified in model, not varied.
See NUV model report fig. 15 a-e for 5 different time periods.



Groundwater Budgets

Presenter
Presentation Notes
1947 represented steady state conditions
- 1982-83 were very wet in a wetter than normal period.
- The simulated 2004 budget reflects a dry year during a dryer than normal period. 



Recharge Specified in Updated Clark Model



Model Uses and Limitations
 Model Uses

 Examine large-scale aquifer responses to stresses over 
time periods of several years

 Particle tracking (not accurate for timing and 
concentration but for direction and vulnerability)

• Contaminant
• Sources of water

 Limitations
 Aquifer properties on the west side of the Utah Lake
 Pumping near no flow boundaries
 Fractured bedrock areas

Presenter
Presentation Notes
Model cells are fairly large (~ 1,500 ft on a side). A cell can contain many wells. 



Test Scenario 1: 
30 years to double pumping 

 Begin at hypothetical 2004 steady state
 Average annual recharge
 Average annual stream flow
 2004 Flowing well withdrawal

 Linear pumping increase to 2x in 30 years 
 Current (2004) distribution of pumping wells

Presenter
Presentation Notes
- Examples to show how the model might be used to investigate water-use scenarios.
 Simulate possible effects on water levels and discharge caused by increased withdrawals from wells.
 Run for 30 annual stress periods to get base simulation, 2004 steady state conditions
 Run an additional 30 annual stress periods with GW pumping increasing linearly from 2004 rates to twice the initial rates by the end of the 30th stress period.



Test Scenario 1

Steady-state 
groundwater fluxes

25,000 af
86,000 af
82,000 af
4,500 af

15yrs  30yrs

Utah Lake                                                     
Drains, Springs, & Flowing Wells
Evapotranspiration                                       
Jordan River

Changes in
groundwater fluxes

-22%
-37%
-15%
-25%

Utah Lake
Drains, Springs, & Flowing Wells
Evapotranspiration
Jordan River

-22%
-37%
-15%
-25%

15yrs

30yrs

10 ft

10 ft

20 ft

25 ft



Test Scenario 2: 
addition of artificial recharge  

 Begin at hypothetical 2004 steady state
 Average annual recharge
 Average annual stream flow
 2004 Flowing well withdrawal

 Linear pumping increase to 2x in 30 years 
 Current (2004) distribution of pumping

 Artificial recharge of 20,000 acre-ft/year, every year, 
over ~1 mi2 near mouth of American Fork Canyon 
beginning in year 2.



Test Scenario 2

Steady-state 
groundwater fluxes

25,000 af
86,000 af
82,000 af
4,500 af

15yrs  30yrs

Utah Lake                                                     
Drains, Springs, & Flowing Wells
Evapotranspiration                                       
Jordan River

Changes in
groundwater fluxes

-9%
-20%
-8%
-7%

Utah Lake
Drains, Springs, & Flowing Wells
Evapotranspiration
Jordan River

+3%
0%

-1%
+7%

15yrs

30yrs

-20 ft

6 ft

-5 ft

20 ft

Presenter
Presentation Notes
This scenario indicates that addition of artificial recharge will minimize impacts to various other parts of the system. But any number of combinations things like well location or depth or artificial recharge location or even the timing of these things, might be better. Or maybe there are more specific constraints on the allowable impacts on parts of the system. Maybe you care more about the drain and spring discharge than the seepage to Utah Lake.  This is where the GWM optimization model comes into play. 



Reports Available Online

Hydrology of Northern Utah Valley, 
Utah County, Utah, 1975-2005

http://pubs.usgs.gov/sir/2008/5197/

Three-Dimensional Numerical Model 
of Ground-Water Flow in Northern 

Utah Valley, Utah

http://pubs.usgs.gov/sir/2008/5049/



Alternative (Optimal) Design Approach

Stop

Increase GW 
Withdrawal

Apply Artificial 
Recharge

Construct simulation 
model

Define design criteria

Mathematically formulate 
design criteria

Solve combined 
simulation-optimization 

model

Objectives Constraints
Meet minimum 
water- supply 

demands

Limit water-level 
declines

Pumping 
capacity & 
available 
locations

Limit impact to 
spring discharge
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