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Technical Memo 

To: Mr. Brian Huffaker, Hawkins Companies 

From: Ms. Bonnie Lampley 

CC: Mr. Paul Reuter, PACE Civil, Inc. 

Date: January 20, 2009  

Re: Preliminary wastewater impacts analysis for Knighton Road development  

Mr. Huffaker,  

As you requested, this technical memo presents an update of the preliminary analysis of potential 
wastewater-disposal impacts from the Hawkins Companies proposed commercial development at 
Knighton Road and Interstate 5, Shasta County, California.  We submitted our initial preliminary 
analysis to you in May 2008.  We understand that the development will consist of approximately 
741,000 square feet of commercial development, of which about 26,000 square feet will be restaurants 
and the remainder, retail. 

The intent of the preliminary analysis was to provide initial information to the Shasta County Planning 
Department (Planning) for their preparation of a “Request for Proposals” for the Project’s 
Environmental Impact Report (EIR).   Planning has now selected a consultant to prepare the EIR, and 
you requested that we update the preliminary analysis to reflect current conditions.   

 As in the initial memorandum, we are providing no interpretation as to the significance of the 
potential wastewater-disposal impacts.  The information presented herein is to be used by Shasta 
County and their consultant to develop appropriate inquiries for the EIR.   

The analysis is based solely on information from previous studies, information available in-house at 
L&A, and new information presented by PACE Civil, Inc. (Pace), in part as follows: 

L&A, February 1999, Effects of Wastewater Disposal on Ground Water at Flying J Knighton 
Road Travel Plaza Shasta County, California. 

L&A, October 2001, Trenching, Piezometer Installation, Groundwater Elevation Monitoring, 
and Groundwater Mounding Assessment, Flying J Knighton Road Site, Shasta County, 
California. 

L&A, August 2006, Wastewater Evaluation for the Proposed Shasta Regional Auto Mall, 
Knighton & I-5, Shasta County, California. 
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Pace, May 2008 and December 2008, pers. comm., wastewater generation calculations and 
percolation-testing results for Hawkins Companies development. 

The following discussion does not include reiteration of the development of models or other analytical 
tools used in these reports.  Please refer to the original documents for that background information. 

Project Wastewater Generation, Treatment, and Disposal 

Based on information provided by Pace, wastewater generation will be about 80,000 gallons per day.  
The wastewater will be treated so that the nitrate as nitrogen (N) level of the effluent going to the 
disposal field will be approximately 3 mg/L.  The Maximum Contaminant Level for nitrate as N is 10 
mg/L.    

After treatment, the wastewater will be disposed to an on-site leachfield in the northern part of the 
Project site.  The preliminary layout showed a 400-foot × 400-foot square leachfield area.   The size 
was based on the average measured percolation rate of 10 minutes per inch.  It did not account for 
groundwater mounding or quality effects.  After considering both groundwater mounding and quality 
effects, we calculated that an approximately 562-foot × 566-foot area would be required to minimize 
groundwater mounding effects.  Figure 1 shows the leachfield and backup location.   

Groundwater Mounding  

Groundwater mounding refers to the development of an area of high groundwater level beneath a 
leachfield (or any area of water discharge).  If the amount of wastewater that is discharged to a 
leachfield is greater than the amount of water that can move through the soil and away from the 
disposal site, groundwater levels will become higher.  As water levels rise, a groundwater mound 
develops and becomes higher with time.  The groundwater mound increases the slope of the water 
table so that water moves more rapidly through the soil.  A groundwater mound will continue to 
steepen until equilibrium is reached or the mound reaches the discharge point (the leachfield, in this 
example).  If the mound reaches the leachfield, the leachfield will “fail” (it won’t be able to discharge 
any more wastewater and water will back up into the system). 

To evaluate groundwater mounding beneath the proposed leachfield, we used the Hantush equation.  
The Hantush equation calculates the rise in groundwater height beneath a rectangular recharge area 
that is underlain by a shallow water table.  The Hantush equation takes into account soils 
characteristics (percolation rate, specific yield), depth to groundwater, depth to a low-permeability 
layer below groundwater, the size of the recharge area, and the recharge rate.  Attachment A contains 
the calculation of groundwater mounding for this Project, using the 562-foot × 566-foot leachfield 
size. 

For the calculation, we used a percolation rate of 10 minutes per inch (per Pace).  We assumed a depth 
to water based on previous (2001 and 2002) and current (July 2008 to present) shallow groundwater 
monitoring at the site.  Figure 2 shows a graph of that data; Table 1 shows the data.    
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Table 1:  Depth to Water in Shallow Piezometers 
  Previous Piezometers  New Piezometers In Area of Proposed Leachfield 
Date  P‐1  P‐2  P‐3  P‐6  P‐7  P‐8  P‐9  P‐10  P‐11

  (feet below ground surface) 
7/14/2008  13.70  13.20  13.11  13.11  12.60  13.03  12.74  12.99  12.27
7/28/2008  13.78  13.28  13.16  13.41  12.89  13.24  12.96  13.20  12.54
8/11/2008  13.76  13.27  13.15  13.40  12.87  13.24  12.96  13.20  12.53
8/26/2008  13.84  13.32  13.17  13.49  12.95  13.30  13.00  13.22  12.49
9/10/2008  13.89  13.37  13.19  13.60  13.03  13.36  13.05  13.28  12.55
9/22/2008  13.86  13.34  13.21  13.60  13.06  13.42  13.13  13.37  12.62
10/8/2008  13.35  12.91  12.82  12.64  12.21  12.78  12.68  13.22  12.42
10/17/2008  13.65  13.15  12.99  13.78  13.18  13.55  13.33  13.83  12.95
11/4/2008  15.57  15.14  Dry  16.44  15.88  16.32  16.17  16.81  15.89
11/18/2008  15.63  16.87  Dry  18.22  17.77  18.26  18.10  18.69  17.83
12/2/2008  15.60  18.51  Dry  19.78  19.41  19.95  19.83  20.39  19.11
12/15/2008  15.61  Dry  Dry  21.32  21.07  21.60  Dry  Dry  Dry
12/29/2008  15.62  Dry  Dry  19.83  19.47  19.98  Dry  Dry  Dry

Calculation of Confidence Intervals for Depth to Water During Irrigation Season 

Significance 
Level 

0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01 

Standard 
Deviation 

0.17  0.15  0.13  0.36  0.31  0.24  0.21  0.24  0.19 

Number  8  8  8  8  8  8  8  8  8 
99% 

Confidence 
Interval 

13.73 + 
0.16 

13.23 + 
0.13 

13.10 + 
0.12 

13.38 + 
0.32 

12.85 + 
0.28 

13.24 + 
0.22 

12.98 + 
0.19 

13.29 + 
0.22 

12.55 + 
0.18 

 

Figures 3 and 4 show maps of the shallow groundwater gradient (assumed to be the direction of 
shallow groundwater movement) for July and December 2008.  The direction of the shallowest 
groundwater gradient is to the south.  This makes the proposed leachfield area upgradient of the rest of 
the Project property and downgradient of most residential areas surrounding the site. 

In the area of the proposed leachfield, shallow groundwater level has ranged between 12.21 and 21.32 
feet below ground surface (bgs).  As observed previously at the site, the highest water levels occur 
during the irrigation season, and remain high for about four months.  The average high water level in 
the leachfield area was 13.05 feet bgs this summer.  Based on a 99% confidence interval, the average 
high water level was 13.28 feet bgs. 

Because this year (and last) have been drier than normal, current water levels may be lower than 
normal.  Therefore, we compared current water levels to previous water levels from 2001and water-
year 2002 which had slightly higher than normal precipitation.  We used data from piezometers P-1, -
2, and -3, which have overlapping data sets.  In 2002, water levels were about two feet higher than this 
year.  Therefore, to calculate mounding, we added two feet to the water levels measured this year, to 
account for wetter-than-normal periods.  Thus, the base water level assumed for the proposed 
leachfield area is 11 feet bgs. 
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We first calculated mounding using the preliminary leachfield area of 400-feet × 400-feet and a time 
period of 120 days (the period during the irrigation season when water levels are highest.  This 
calculation showed a separation between the bottom of the leachfield (assumed to be one foot bgs) and 
groundwater of 2.1 feet.  While this suggests that a leachfield this size would not fail, the separation is 
less than three feet.  The Regional Water Quality Control Board (RWQCB), who will have permitting 
authority for this system, has a general guideline of five feet of separation at a minimum for untreated 
wastewater, down to three to four feet for highly treated effluent, such as proposed here. 

The maximum size for a leachfield in the designated area is 562 feet × 566 feet (7.3 acres; one-half of 
the designated area for primary and backup leachfields).  At this size, the separation would be about 4 
feet in the middle of the leachfield (where the mound would be highest). 

In addition to separation from the leachfield itself, the groundwater mound cannot intercept the bottom 
of the proposed stormwater ditch that will run along the north and east sides of the leachfield.  
Comparing the groundwater-mound elevations (ground-surface elevation minus depth to the top of the 
mound) to the elevation of the bottom of the stormwater ditch (supplied by Pace) shows that the 
groundwater mound will not intercept the ditch.  Figure 5 shows a graph comparing the predicted 
groundwater-mound elevation to that of the bottoms of the stormwater ditch and leachfield. 

Groundwater Quality  

Groundwater quality impacts could come from downward migration of contaminants or other 
compounds below the leachfield.  To evaluate this potential impact, we used the groundwater model 
previously developed for the site.  The model is a three-dimensional, numerical model using the 
publicly available program ModFlow, developed by the United States Geological Survey.   

To model the proposed leachfield, we added a recharge area 562 × 566 feet in size.  The recharge rate 
was set at 147 inches per year [(80,000 gallons/day ÷ 7.48 gallons/cubic foot)) ÷ 318,092 square feet × 
12 inches/foot × 365 days/year].  The recharge concentration was set at 3 mg/L, assumed to be 
nitrate+nitrite as N.  The model was run for 30 years, at this recharge rate and concentration.   

The modeling shows the following (Figures 6, 7, and 8): 

 In the uppermost, perched aquifer nitrate attributable to the Project wastewater could extend up to 
900 feet from the north and west property lines, and up to 1,800 feet from the east property line; 
detectable levels would not extend past the southern property line (Figure 6).  There should be no 
drinking-water wells completed in this zone, because all wells must have a minimum 20-foot 
surface seal.  That is, this zone should be sealed off in nearby drinking-water wells. 

 In the upper aquifer within about 400 feet of the northern property line, nitrate from Project 
wastewater would be between 1 mg/L and nondetected (Figure 7).  In the upper aquifer to the 
south and east, nitrate attributable to Project wastewater could extend to about 2,000 feet from the 
property line.   Detectable nitrate from Project wastewater would not extend past the western 
property line in the upper aquifer.   
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 In the intermediate aquifer, detectable levels of nitrate from Project wastewater will not extend 
past the north or west property lines (Figure 8).  Nitrate levels between 1 mg/L and nondetectable 
may extend up to 1,600 feet from the eastern property line. 

 Domestic wells to the south, completed in the intermediate aquifers within about 300 feet of the 
Project property line could capture less than 0.1 mg/L nitrate from the Project; detectable levels 
could extend to the south for about 2,000 feet (0.4 miles). 

 Detectable levels of nitrate from the Project wastewater will not occur in the deep aquifer. 

 The existing site well would not capture detectable levels of nitrate from the Project. 

Note that current background concentration beneath the site is about 2 mg/L, in the uppermost 
saturated interval (perched groundwater).  This is based on data collected from the site’s piezometers 
in 2008.  The intent of that sampling was to characterize total nitrogen concentrations beneath the 
Project site.   Table 2 shows those results; Figure 9 shows a map of the results from the July sampling 
event: 

Table 2:  Nitrogen Sampling Results 

Nitrogen, Total  Nitrate+Nitrite  Total Kjeldahl N 
(mg/L)  (mg/L)  (mg/L) 

P‐1  7/14/2008  2.25  2.05  0.2 
P‐1  8/13/2008  4.91  1.21  3.7 
P‐2  8/13/2008  4.13  2.53  1.6 
P‐3  7/14/2008  7.58  6.98  0.6 
P‐3  8/13/2008  12.00  5.14  6.9 
P‐6  7/14/2008  4.40  0.20  4.2 
P‐6  8/13/2008  0.43  0.03  0.4 
P‐7  8/13/2008  6.45  0.65  5.8 
P‐8  8/13/2008  0.59  0.09  0.5 
P‐9  7/14/2008  2.05  2.05  <0.5 
P‐9  8/13/2008  5.34  2.24  3.1 
P‐10  7/14/2008  1.41  1.21  0.2 
P‐10  8/13/2008  1.42  0.32  1.1 
P‐11  8/13/2008  43.2  0.06  43.1 

Mean  4.07  1.90  2.36 
Median  4.13  1.21  1.35 
75th percentile  5.34  2.24  3.83 
95th percentile  9.35  5.88  6.30 
Standard deviation  3.29  2.07  2.34 
Confidence  95%  95%  95% 
95% confidence interval  1.79  1.13  1.32 
Mean lies between  2.28 and 5.86  0.77 and 3.03  1.04 and 3.68 

Note:  P‐11 not used in calculations because it is significantly different than other values. 
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While it is unlikely that all areas of the model domain have average nitrate+nitrite concentrations of 2 
mg/L, this value does not seem unreasonable given the number of domestic wastewater disposal 
systems and agriculture in the area.  Assuming a background concentration of about 2 mg/L, the 
Project’s wastewater is unlikely to have a detectable effect on the perched aquifer.  Because the 
Project wastewater will be at about the same concentration as background once it reaches 
groundwater, it will essentially “blend in” with background.  

Please feel free to contact me if you have additional questions regarding this memo.   

Sincerely, 

 

Bonnie Lampley 
Principal Hydrogeologist 

 
enc.: Figure 1.  Site plan showing well and leachfield location 

Figure 2.  Hydrographs of shallow groundwater 
Figure 3.  Shallow groundwater-elevation contour map, July 2008 
Figure 4.  Shallow groundwater-elevation contour map, December 2008 
Figure 5.  Comparison of groundwater-mound elevation to stormwater ditch 
Figure 6.  Map of nitrate & nitrite as N and Total Kjeldahl nitrogen 
Figure 7.  Modeled nitrate concentrations in perched groundwater 
Figure 8.  Modeled nitrate concentrations in the upper aquifer 
Figure 9.  Modeled nitrate concentrations in the intermediate aquifer 
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ATTACHMENT A 
GROUNDWATER-MOUNDING CALCULATIONS 

 
 
 



Hantush Analytical Method to Determine Height of Mounding in
Response to Vertically Downward Recharge from a Rectangular Area
From:  Septic Tank System Effects on Ground Water Quality , 
            Canter, L.W. and Knox, R. C., 1986.
(Enter data only in yellow-shaded cells)

Site: Knighton Road - Hawkins Companies
Scenario: 120 days with water table starting at 11 feet below leachbeds

Application rate of 0.25 gpd/sq. foot; 80000 gpd
6.0 feet
30.0 feet
5.0 feet
1.0 feet
4.0 feet

7.3 acres or 562-foot x 566-foot leachfield area for indicated separation.
where:

b 35 thickness of layer above aquiclude, feet (incl. additional soil)

wt 11 depth to water table, feet

hi 24 initial height of water table above aquiclude, feet (35' below original ground)

W 0 25 recharge rate gpd/sq ft

Water table rise = ( Wm * t) / ( 30 * Sy ) * SUM(W*(an,bn)) =

Water table height = Water table rise + Initial w.t. height =
Depth to water = 35 feet - water table height =
Depth to bottom of leach beds =
Separation between leachbed and groundwater 

Wm 0.25 recharge rate, gpd/sq. ft.

t 120 time after recharge starts, days

Sy 0.3 specific yield

K 12.0 hydraulic conductivity, feet/day (90 gpd/ft2 or 10 mpi)

T 2149 tranmissivity, gpd/ft  

am 281 one-half length of recharge area, feet

bm 283 one-half width of recharge area, feet

x 0 x coordinate of obs. pt. in relation to center of recharge area, feet

y 0 y coordinate of obs. pt. in relation to center of recharge area, feet

a1 0.4182 1.37 (bm + x) sqrt(Sy/Tt)

a2 0.4182 1.37 (bm - x) sqrt(Sy/Tt)

b1 0.4152 1.37 (am + x) sqrt(Sy/Tt)

b2 0.4152 1.37 (am - x) sqrt(Sy/Tt)

W* W*(a,b); from tables in Appendix D

W*(a1,b1) 0.4498

W*(a1,b2) 0.4498

W*(a2,b1) 0.4498

W*(a2,b2) 0.4498
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