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July 1, 2009 

 

L54(2380) 

WHIS/General 

 

 

Memorandum 

 

 

To:  Superintendent, Whiskeytown National Recreation Area 

 

Through: William L. Jackson, Chief, Water Resources Division (WRD) 

  Gary Rosenlieb, Chief, Water Operations Branch (WOB) 

 

From:  Larry Martin, Hydrogeologist, Water Operations Branch, WRD 

 

Subject: Trip Report to Whiskeytown National Recreation Area to identify locations for 

construction of test wells.  

 

Summary 

Water supplies for facilities at Oak Bottom and Brandy Creek are obtained by treating surface 

water from Whiskeytown Lake.  The existing water treatment plants are aging (ca. 40 years) and 

in need of replacement.  The park would prefer to construct wells to obtain water from a 

groundwater source, if feasible.  A groundwater system would be less expensive to construct and  

would require less staff time to operate.  Several sites for test drilling were identified during this 

trip.  While there is no guarantee that test wells will produce the necessary quantity of water, 

selecting drilling sites based on geologic principles will increase the chances of success.  Money 

for test drilling is expected to be available in FY-10. 

 

Previous Investigations 

Several shallow test wells were drilled at Whiskeytown in 1963.  At that time, the thinking was 

that the bedrock underlying the area was generally impermeable.  Groundwater would only be 

available in the shallow alluvium associated with streams, or by drilling into fracture zones near 

the reservoir, which would enable surface water from the reservoir to flow toward the well.  

Accordingly, eight of ten test wells constructed in 1963 were drilled to depths of 45-73 feet.  

Only two wells were drilled deeper than 100 feet; they were 106 and 125 feet deep. 

 

The test wells in the Whiskey Creek area were able to provide sufficient water for the planned 

development.  There is no camping at Whiskey Creek, so demand for water is less than at 

Brandy Creek and Oak Bottom.  Water for facilities at Whiskey Creek is obtained from the low-

yield wells that were constructed in 1963. 
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Shallow test wells constructed at Oak Bottom and Brandy Creek in 1963 did not produce enough 

water to meet the larger demands for water at these areas.  Surface water treatment plants were 

constructed to treat water from the lake.  These systems continue to be used, but are aging and in 

need of replacement.  Wells that draw water from a true groundwater source (not groundwater 

under the direct influence of surface water) would be preferred to building new surface water 

treatment facilities.   

 

In 1976, a 115-foot well was constructed east of the wastewater treatment plant to supply water 

to the plant.  The well obtains water from several fracture zones at various depths and had an 

estimated yield of about 7 gpm.   

 

In 2003, a 186-foot well was constructed to supply water for NPS residences west of Oak 

Bottom (Structures 318, 321, and 324).  The well was test pumped at 50 gpm for 17 hours, 

resulting in 19 feet of drawdown.  The well could probably have a sustained yield greater than 50 

gpm, but additional testing with a larger pump would be required to determine the maximum 

sustained yield.  The well is currently equipped with a pump that is rated to pump 10 gpm to the 

storage tank.  Pumping water from the well to the storage tank requires a lift of about 400 feet.  

Alternative pumps are readily available that would pump 50-plus gpm to the storage tank. 

 

Hydrogeology and site selection criteria 

Groundwater at Whiskeytown occurs in alluvial sediments associated with streams and in 

fractures in the underlying bedrock formations.   

 

Alluvial deposits along streams are only a few tens of feet thick.  California regulations require 

public water-supply wells to have a surface seal to a depth of 50 feet, effectively eliminating 

alluvial sediments as a potential source of water for wells.  Groundwater from a well in close 

proximity to a stream would likely be classified as being “under the direct influence of surface 

water” and would therefore require treatment as if it came from a surface water source.  There 

would be no advantage to constructing a well under these conditions, rather than continuing to 

use surface water from the lake.  Therefore, alluvium was not considered as a potential target 

aquifer for test drilling. 

 

Bedrock underlying the Whiskeytown area is primarily Copley Greenstone and Balakala 

Rhyolite.  Both formations are composed of metamorphosed volcanic rocks of Devonian age 

(originally deposited 350-415 million years ago). The formations are generally impermeable 

except where fractured.  The key to obtaining adequate yield from a well drilled into these 

formations is intersecting enough water-bearing fractures and fracture zones.  There is no 

guaranteed method to identify locations where a well will intercept water-bearing fractures 

several hundred feet below ground surface.  However, topographic features sometimes provide 

clues about the presence of underlying fracture zones. 

 

Fractured bedrock is more easily eroded than unfractured bedrock.  Sometimes the occurrence of 

linear-trending valleys is associated with similar trending fracture zones in the underlying 

bedrock.  Thus, we can increase the chances of intersecting fractures by locating test wells near 

linear-trending valleys.  It’s not necessary that a well be located in the center of such a valley as 
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it’s likely that fractures occur across a wide band in a fracture zone.  Some examples of linear-

trending valleys are shown on Figures 1, 2, 3, and 4.  Linear features are not as obvious on the 

two-dimensional maps in the figures, but become more pronounced when viewed in three 

dimensions such as GoogleEarth or the terrain view in GoogleMaps.  The well constructed west 

of Oak Bottom in 2003 could be associated with a fracture zone associated with the north-south 

trending Bull Gulch. 

 

In addition to locating test wells in  areas that are likely to be underlain by fractured bedrock, 

well sites should also be some distance from the lakeshore to lessen the chance that the well will 

be interconnected with surface water in the lake.  We want to increase the chances of 

constructing a well that will be classified as a “groundwater” source, rather than “groundwater 

under the direct influence of surface water”. 

  

Test wells should be drilled to at least 300 feet, and possibly 400-500 feet, unless adequate 

quantities of water are obtained at shallower depths.  Hydrofracking might be used to increase 

the number and size of fractures to increase the yield of low-yield fracture zones. 

 

Brandy Creek 

Linear-trending valleys in the vicinity of the Brandy Creek campground, picnic area, and marina 

are shown in Figure 1.  Three sites were identified that meet the criteria of being some distance 

from the lake, within reasonable proximity of the existing water system, and in areas likely to be 

underlain by fractured rocks.   

 

Site 1 is in the parking area at the entrance to the Brandy Creek picnic and swim beach area.  It 

has the advantage of being in a flat area with good access and plenty of room for a drilling rig 

and associated equipment.  A good location for a test well at Site 1 would be adjacent to the trees 

at the edge of the parking lot near the main road (South Shore Drive).  However, the well site 

would be within 100 feet of a road and within an area that is heavily used by park visitors. 

 

Site 2 is at the edge of the parking area for the Brandy Creek Trail.  This is an already disturbed 

area with good access for a drilling rig and associated equipment.  A test well might be located 

between the edge of the parking area and the Shasta Bally Road.  A well at this site would be 

within 100 feet of a road and within an area that is heavily used by park visitors.  There is limited 

space for parking at the trailhead and a well site might further reduce the size of the parking area. 

 

Site 3 is in the boneyard area.  This area is already disturbed and has adequate road access for a 

drilling rig and associated equipment.  It has the advantage of being away from the public use 

areas and in close proximity to the existing water storage tank.  Site 3 is associated with a 

smaller linear-trending valley and the chance of encountering a significant fracture system is less 

than at Sites 1 and 2.  However, the advantages of having a well site outside of the main visitor 

use areas might offset the risk of lower yield.  Hydrofracking could be used to increase the yield 

from a low-yield well at Site 3. 
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Base map from USGS Igo 7.5’ Quad 

Figure 1.  Linear-trending valleys in the vicinity of Brandy Creek. 

 

 

Oak Bottom 

Linear-trending valleys in the vicinity of the Oak Bottom campground, picnic area and marina 

are shown in Figure 2.  Two sites were identified that meet the criteria of being some distance 

from the lake, within reasonable proximity of the existing water system, and in areas likely to be 

underlain by fractured rocks.  A well constructed in 2003 near the mouth of Bull Gulch provides 

evidence of potential large yields from wells that intersect fractures in the underlying bedrock. 

 

Additionally, there is the option of extending service from the 2003 well to the Oak Bottom area.  

The well that was drilled in 2003 to supply water to Structures 318, 321, and 324 is capable of a 

sustained yield of 50 gpm, possibly more.  A 50 gpm well pumped for 8 hours/per day would 

yield 24,000 gallons.  There should be more than enough capacity from the 2003 well to supply 

the needs of all facilities in the Oak Bottom area.  The cost of re-engineering the existing water 

system from the 2003 well and extending service to Oak Bottom should be compared to the cost 

and risk of constructing a new test well at Oak Bottom. 

 

Site 1 at Oak Bottom is on the south side of the access road to the water storage tank, in an open 

area before the road begins to climb steeply.  The area is clear, open, and relatively flat.  Access 

for a drilling rig and associated equipment is good.  The site is not closely associated with a 

linear-trending valley, but the proximity to the existing water system and storage tank makes it 

attractive.  This is probably the only feasible site for a test well on the south side of the highway.   

 

1 mile 

Site 2 

Site 3 

Site 1 
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Site 2 is on the north side of the highway, in the valley of Grizzly Gulch.  The exact location of a 

well site is not of great importance with respect to intersecting fractures in the bedrock several 

hundred feet below ground surface.  If the location and trend of a valley is the result of some 

underlying fracture zone or pattern, then the fractures likely occur for some distance on either 

side of the centerline of the valley.  It is more important to locate the well site were there is 

reasonable all-weather access and within reasonable proximity to power and the existing water 

system.  Construction of a well at Site 2 would require trenching under Highway 299 to construct 

a water line to the storage tank. 

 

A well was constructed a few hundred feet north of Site 2 to supply feedwater for operations at 

the wastewater treatment plant in 1976.  The well is 115 feet deep and reportedly produces 7 

gpm.  The accuracy of this estimate and the potential sustained yield from the well are unknown.  

The existence of the well provides some indication that there is a good potential to obtain an 

adequate groundwater supply in this area, particularly if a deeper well was drilled. 

 

 

 
Base map from USGS Whiskeytown 7.5’ Quad 

Figure 2.  Linear-trending valleys in the vicinity of Oak Bottom. 

 

 

Tower House Historic District 

Figure 3 shows linear-trending valleys in the vicinity of the Tower House Historic District.  Drill 

rig access to most areas in the historic district is difficult due to narrow roads, tight turns, narrow 

fence openings, and load-restricted bridges.  It appears that the only reasonable site for well 

drilling in the area is at the picnic area on the northeast side of Clear Creek.  There is a large 

parking lot at the picnic area that would provide access for a drill rig and associated equipment. 

 

1 mile 

2003 Well 

Site 2 

Site 1 
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Base map from USGS French Gulch 7.5’ Quad 

Figure 3.  Linear-trending valleys in the vicinity of the Tower House Historic District. 

 

 

Dry Creek 

Linear-trending valleys in the vicinity of the Dry Creek group campground are shown in Figure 

4.  One site was identified that meets the criteria of being some distance from the lake, within 

reasonable proximity of the existing water system, and in areas likely to be underlain by 

fractured rocks.  The site is at the southeast side of the parking area; placing the well site 

upgradient from runoff and other potential contaminants in the parking lot. 

 

 

1 mile 

Site 1 
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Base map from USGS Igo 7.5’ Quad 

Figure 4.  Linear-trending valleys in the vicinity of the Dry Creek group campground. 

 

 

Park Headquarters 

The area surrounding park headquarters is entirely underlain by granitic rocks of the Mule 

Mountain Stock, rather than metamorphosed volcanic rocks like the other areas discussed in this 

report.  We have no information regarding the potential for fractures in these granitic rocks. 

There are no linear topographic features in the vicinity of park headquarters that might indicate 

the presence of fracture zones.  Any drilling in the headquarters area really would be exploratory.  

There are no apparent geologic advantages or disadvantages to any particular site at park 

headquarters.  If a test well is desired, the location should be picked based on access for drilling 

equipment and protection from potential contaminant sources. 

 

Well Construction 

Construction of the 2003 well for Structures 318, 321, and 324 provides a good model for 

construction of test wells in other areas of the park.  The basic steps include; 

1. Drill a pilot hole (minimum 6-inch diameter) to the target depth. 

2. Test the potential yield of the well and water quality.  Decide whether to complete the 

hole as a well or proceed with plugging and abandonment. 

3. Plug and abandonment – Fill the borehole with cement, grout, or bentonite to comply 

with California regulations. 

4. If the decision is to convert the test hole to a well; 

1 mile 

Site 1 



 8 

a. Ream the hole to a diameter at least 4 inches greater than the outside diameter of 

the permanent surface casing.  The hole should be reamed to a depth of 55 feet. 

b. Install surface casing, centered in the hole with casing centralizers. 

c. Install the sanitary surface seal (cement, grout, bentonite, etc) in the annular space 

between the borehole and surface casing per California regulations. 

d. Allow the surface seal to cure. 

e. Redrill the well through the inside of the surface casing to remove any debris that 

may have fallen into the well during reaming for the surface seal and deepen the 

well to the final depth. 

f. Install a 4-inch PVC liner to protect the submersible pump from loose rocks that 

might fall from above the final pump setting and create a wedge that would 

prevent removal of the pump.  Several sections of the PVC liner (at the bottom of 

the well) should be factory-slotted to allow water to enter the well.   

 

If there are any questions regarding this trip report, please call me at (970)-225-3515. 
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Test wells were constructed at Oak Bottom and Brandy Creek in July 2010.  

 

Two test holes were constructed at Brandy Creek. A well near the entrance to the picnic area was 

drilled to 305 feet. The estimated yield from this well by air-lift testing was less than 2 gpm. The 

second well was drilled about 800 feet south of the highway, in the vicinity of the water storage 

tank. It was drilled to 401 feet and produced an estimated 6 gpm by air-lift testing. Both wells 

were plugged and abandoned. There are plans to conduct additional hydrogeologic investigations 

of the area to identify locations for future test wells. 

 

The well at Oak Bottom was drilled to 286 feet. It was estimated to produce 50 gpm during air-

lift testing. The well was completed to California standards for a public water-supply well. The 

report of construction and testing is attached. 
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