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INTRODUCTION  

This report presents a hydrologic evaluation of the proposed quarry expansion at the Crystal 

Creek Aggregates (CCA) facility on Iron Mountain Road, Redding, California (Figures 1 and 2).  

Existing CCA plant facilities include a rock crushing/screening plant, washing operation, mobile 

office trailer, truck scales, diesel-fuel storage tanks (1,000 and 20,000 gallons), one waste-oil 

tank (350 gallons), two motor oil tanks and one lubricating oil tank (90 gallons each), and five 

settling and two recycle ponds. 

The proposed changes include an increase in the total annual amount of aggregate to be  

processed from 250,000 to 500,000 tons. The existing Concrete Recycle Area location and 

operation, for which an administrative permit was issued and subsequently reissued by the 

County due to the Carr Fire, is proposed to be removed as a Project component.  The estimated 

2.80-acre Concrete Recycle Area is proposed to be used for aggregate stockpiling.  

The amount of aggregate mined will be increased, as will the yearly blasting maximums.  The 

hours of operation will stay the same as currently permitted. The height of the Quarry high walls 

and bench widths will be increased as will the lake size and depth upon reclamation of the site.  

The estimated amount of aggregate proposed to be mined will increase from 15.92 million tons to 

25.4 million tons.  The estimated life of the mining operation will increase from the end of Year 

2072 by 27 years to end of the Year 2101. 

The existing approved Use Permit Area of 110.69-acres and the existing approved 110.69-acre 

Reclamation Plan Area will be maintained.  

The scope of work included site visits, review of reports prepared by others related to geologic 

conditions, estimation of existing and future water budgets for the new lake and site changes, 

evaluation of potential impacts from changes in the water budget, and evaluation of potential 

water-quality impacts from the expanded operations. Existing and future site plans, and the size 

and volume for the proposed quarry excavation, were supplied by Mr. Duane Miller, PE, on 

behalf of Crystal Creek Aggregates.  

The work was conducted by Ms. Bonnie Lampley, California Certified Hydrogeologist (CHG 

626).   
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SUMMARY 

NEW LAKE WATER LEVELS 

After filling, the new lake would overflow in average years, and would have minimal to no 

overflow in dry years (Figures 10 and 11).  The water level would vary seasonally by less than 5 

feet. 

Changing the runoff factor has some effect on model results; if only 10% of the runoff is routed 

to the lake, seasonal water-level changes will be similar and it will not dry out in the summer.    

Modeling results are more sensitive to changing the leakage factor.  If the leakage factor is 

increased by an order of magnitude (to 0.003 feet/day), the water levels would show more 

variability, with the variation less than 10 feet.  If the leakage factor is increased by two orders of 

magnitude (to 0.03 feet/day), the new lake may dry out seasonally.  Although the permeability of 

the material that will form the base of the lake is unknown, it is unlikely to be as permeable as 

0.03 feet/day (1 × 10-5 cm/sec).  Existing ponds at the site do not dry out over the summer.  This 

implies either groundwater contribution to maintaining water levels or low permeability to 

prevent leakage of collected surface water (more likely the latter, based on observations of the 

amount of groundwater seepage in June 2019).   

WATER BUDGET 

The major changes to the water budget are as follows: 

• Increase in water stored in Site water bodies.  The increase would range from 

approximately 500 to 3,100 acre-feet more than currently held. 

• More total inflow to the system because of the larger area (new lake surface) that receives 

direct precipitation.  The increase could be approximately 40 acre-feet per year.   

Even though the overall area of the quarry + upland watershed remains the same, the 

relative change in percent covered by the open water body means there is more direct 

precipitation (vs. watershed runoff) into the system.  This is because there is less total 

evapotranspiration and infiltration losses in the watershed because of the smaller relative 

area. 

Also, because there is less total “undeveloped” watershed, the amount of upland runoff 

into the system will be between approximately 75 and 100 acre-feet per year less. 

• Leakage to groundwater will be higher in the future, because of the greater area of the 

new lake relative to the existing ponds.  The total leakage, however, will remain an 

insignificant percentage of the total water budget.  

• More evaporation because of the greater surface area of the new lake.  The increase could 

be approximately 65 to 130 acre-feet per year. 
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• Less offsite runoff (denoted as “overflow” in the figures in Appendix D) in both drought  

average periods.  The decrease could average approximately 75 acre-feet/year.       

 

The decrease in offsite runoff during droughts represents approximately 25% less runoff to the 

tributary to Middle Creek.  This would represent a net 1.4% reduction flow to Middle Creek 

below CCA  (25% less off-site discharge over 5.5% of the total Middle Creek drainage area).  

The reduction in off-site discharge would occur only during the wet season. 

Changes in inflow from groundwater, are assumed to be minimal.  Because of the nature of the 

geologic materials (relatively impermeable hard rock with few open fractures), it is unlikely that 

the new lake would act as a groundwater sink.  Some groundwater seepage zones may be 

intercepted by the expanded excavation, but the probability that more seepage zones than are 

currently observed will be encountered at depth is unlikely in that fractures generally become less 

prevalent with depth and the existing seepage zones are associated with the contact between the 

weathered overburden and more competent bedrock. 

WATER QUALITY 

Water management and stormwater-runoff control in the future will be done similarly to the 

current operations.  During mining in each phase, runoff from the disturbed areas will be routed 

to temporary detention basins within the phase footprint, as has been done historically and 

currently.   

Groundwater inflow into each phase also will be routed to the temporary detention basins, as 

currently done.  Once excavation in a phase proceeds such that deeper basins are developed, 

groundwater seepage into the basin will be pumped out for discharge to either temporary basins 

or existing ponds.  Groundwater production from mined areas is not expected to be greater than 

current seepage rates because as the quarry is deepened, the potential for groundwater occurrence 

decreases. 

Overall, there will be less offsite discharge once the new lake is developed than currently occurs. 

Runoff from the new batch plant will be routed to Recycle Pond #1, similarly to the runoff from 

the existing crushing and screening plant.  If the Recycle Ponds discharge, it is routed through the 

Settling Ponds, eventually to be discharged from Settling Pond #3, along with all other site 

stormwater that potentially flows to Middle Creek. 

There is no evidence that historic runoff from CCA has adversely affected surface-water quality 

in Middle Creek, and there is evidence of other influences that affect the creek’s water quality. 

Therefore, it is unlikely that future operations will adversely affect water quality in Middle 

Creek. 

  



Crystal Creek Aggregates  August 2022 

Hydrologic Evaluation of Quarry Changes  Page 4 of 15 

  

006005.01  Lawrence & Associates 

SITE SETTING 

EXISTING PONDS AND DRAINAGE  

Figure 2 shows the existing site plan, with an emphasis on drainage features and ponds; Figure 4 

shows a schematic diagram of the existing drainages and water-management features. 

Drainage and water is managed by a network of ponds, ditches, and piping.  The major source of 

process water for the Facility is from upland runoff to Ponds #4 and #5.  These two ponds are 

hydraulically connected in the subsurface through a layer of crushed rock approximately 10 feet 

thick.  The two ponds receive runoff from the upland hills west of the Plant Area, from the 

Existing Quarry, and from the Plant Area (equipment storage, stockpile areas, concrete recycle 

area, and topsoil stockpile area).  Table 1 shows the characteristics of the existing ponds: 

TABLE 1.  EXISTING POND CHARACTERISTICS 

Ponds Comment Area Depth Volume 

  acres feet acre-feet 

Settling Pond 1 Usually dry in dry season  0.5    15  3  

Settling Pond 2 Usually dry in dry season  0.2    15  1  

Settling Pond 3 Always contains water  0.5    15  2  

Existing Pond 4 Always contains water  1.9    25  14  

Existing Pond 5 Always contains water  2.2    30  24  

Recycle Ponds Always contain water  0.5    15  3  

 TOTALS 5.8  46 

 

During regular operations, water is pumped from Pond #5 to Settling Pond #1 and Recycle Pond 

#2.  During storm events, water can be released as needed from Pond #4 through a slide gate.  

Stormwater released from Pond #4 is routed through a 36-inch corrugated metal pipe (CMP) 

culvert to the drainage ditch immediate east of Settling Ponds #2 and #3; the valve at the point of 

discharge of the 36-inch CMP to the ditch is always closed, and only opened during large storm 

events.  Just south of Settling Pond #3, the small drainage ditch connects with a larger drainage 

ditch; the larger ditch discharges to Middle Creek near where Iron Mountain Road crosses 

Middle Creek. 

Water from Pond #4 is routed to Recycle Pond #2 from Settling Pond #1; Recycle Pond #2 also 

receives overflow from Recycle Pond #1.  During operations, water for aggregate washing is 

pumped from Recycle Pond #2 by two centrifugal pumps (one 4-inch and one six-inch).  If 

needed, make-up water for aggregate washing is provided by Shasta Community Services 

District (SCSD; formerly water was provided by Keswick CSD which is now part of SCSD).  

Typical usage is 1,000 gallons/eight-hour shift, up to 12 hours/day.  This equates to 

approximately one gallon per minute on a daily basis (1,000 gallons/8 hours = 125 gallons/hour x 

12 hours = 1,500 gallons ÷ 1440 minutes/day).   
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The used wash water that has passed over the aggregate is returned to Recycle Pond #1 after the 

addition of flocculent to aid in settling the fine particulates.  Approximately every three days, the 

fine material that is washed off the aggregate and into Recycle Pond #1 is cleaned out and moved 

to an overburden pile, to be used in Site reclamation in the future.  Washed aggregate is stored in 

various Stockpile Areas, in the eastern part of the Site.   

The two Recycle Ponds are connected by a 48-inch corrugated metal pipe (CMP).  Recycle Pond 

#2 can overflow to a ditch which routes discharge to Settling Pond #1.  Settling Ponds #1, #2, 

and #3 are connected in series, with Pond #3 the farthest downgradient.  Settling Pond #3 

discharge to the small ditch along the eastern side of the ponds, and thence to the larger ditch that 

is tributary to Middle Creek. 

PROPOSED LAKE AND DRAINAGE  

Figure 3 shows the proposed drainage features; Figure 5 shows a schematic diagram of the 

proposed drainages and water-management features. 

Drainage features in the Plant Area (eastern portion of the Site) will remain the same, with the 

Recycle Ponds, Settling Ponds #1, #2, and #3, and Ponds #4 and #5 unchanged.  Drainage in the 

Mining Area (west of the Plant Area) will be modified because of the expansion of the quarry 

footprint.  Overall drainage areas will remain the same, but the distribution of the drainage will 

change. 

Water-supply to, and runoff from, the new batch plant will be routed to and from the Recycle 

Ponds, similar to the water management for the existing crushing plant. 

Figure 6 shows the general overall future drainage areas for the Site.  For the Site as a whole, the 

existing and future total drainage area are the same.  For modeling purposes (discussed below), 

L&A divided the Site into three areas: 

• New Lake drainage area (45.1 acres) which represents the area upgradient of the 

quarry excavation. 

• Quarry Excavation area (51.2 acres) which represents the area of the proposed 

excavation, including the New Lake.  Within this area, the New Lake will cover 35.64 

acres at its water-surface elevation of 736 feet MSL. 

• Site Area Not Draining to Quarry (84.5 acres) which represents the remainder of the 

Site, including the Plant Area. 

Note that these areas do not correspond to specific Project areas referenced in other documents 

because some of the drainage areas extend beyond the CCA property boundary and the drainage 

boundaries do not necessarily correspond to Project areas defined in the Reclamation Plan, for 

example.   
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REGIONAL HYDROLOGIC SETTING 

The Site is located within the Middle Creek watershed, along the northern boundary (Figure 1).  

To the north is the Rock Creek watershed.  The Middle Creek watershed covers 2,890 acres (the 

area was scaled from the USGS topographic map using AutoCAD v. 2018).   

The drainage area of the quarry area (both existing and proposed) is approximately 160 acres.  

The CCA drainage area represents approximately 5.5% of the Middle Creek drainage area.  

Drainage from the CCA site eventually enters Middle Creek approximately 1.3 miles upstream of 

its confluence with the Sacramento River.   

REGIONAL AND LOCAL HYDROGEOLOGIC SETTING 

GEOLOGY 

The following description of the regional and local geology is taken from the Geotechnical 

Report (Bajada Geosciences, April 2020, as revised August 2022).  Appendix A contains the 

geologic and lineation maps, and geologic cross sections, from that report.   

The Site is located in the eastern Klamath Mountains within the Klamath Mountains geomorphic 

Geologic Province of California.  The Klamath Mountains form a geologic province that extends 

from northern California to Southern Oregon.  In California, the Klamath Mountains province 

extends from the Pacific Ocean to the Great Valley.   

The quarry is located within the Eastern Klamath terrane of the Klamath Mountains geomorphic 

Geologic Province, and is about 180- to 400-million years old (Silurian-Devonian to Jurassic).  

The Eastern Klamath terrane is composed of three subterranes - Redding, Trinity, and Yreka 

subterranes.  The Redding subterrane consists of Mississippian to Devonian-age metavolcanic 

and metasedimentary rocks.  Formations within the Redding subterrane consist of the Baird, 

Bragdon, and Kennett Formations, the Mule Mountain stock, Balaklala Rhyolite, and Copley 

Greenstone.  Those formations are locally faulted into place.  Superjacent rocks consist of 

alluvium, colluvium, local terrace, and landslide deposits. 

The existing quarry highwalls expose Mule Mountain Stock (Dmm), Copley Greenstone (Dc), 

and epidote and/or chloritic amphibolite (Da).  These materials are unconformably in contact in 

some locations and have been juxtaposed by faulting in other locations.  In areas outside of the 

active quarry face, Dmm and Dc are visible in outcrop, as float on the ground surface, and 

exposed within scoured drainages. 

Granitics of the Mule Mountain Stock consist of granodiorite, albite granite, and trondhjemite 

that increase in hardness and competency and decrease in weathering with depth.  Regolithic and 

saprolitic soils associated with weathering produce overburden thicknesses ranging from a few 

feet to over 20 feet.  Below the overburden, weathering decreases from highly weathered to fresh 

over thicknesses ranging from about 5 to 20 feet.  These zones of weathering are often observed 

penetrating relatively fresh rocks along discontinuities.  Moderately weathered to fresh Mule 

Mountain Stock ranges from weak rock to strong rock.   
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The Copley greenstone is generally hard, dense, and locally has been sulfide enriched to exhibit 

pyrite mineralization.  Generally, the greenstone observed within the quarry ranges from medium 

strong to very strong 

Copley greenstone is massive to moderately fractured with persistent discontinuities that are 

moderately to very widely spaced, partially open to tight, undulating to planar, and generally 

rough.  Few open apertures were observed, and those present were filled with calcium carbonate, 

epidote, and quartz.  Some discontinuity planes appeared to have a relatively thin coating of iron 

oxide, zinc oxide, calcium carbonate or other coatings.  Few discontinuities were observed to be 

open and unfilled except where prior blasting and mining had occurred. 

Faulting and lineations in the existing quarry area trend generally east-west (see the lineation 

map in Appendix A).   

HYDROGEOLOGY 

Groundwater in the Site vicinity can occur in the small areas of alluvial deposits in stream 

bottoms, in weathering zones atop bedrock, and within the bedrock (hard rock).  In hard rock, 

groundwater occupies openings made by faulting or fracturing, known as secondary porosity.  

Groundwater does not occur within the rock itself, as in sedimentary deposits (alluvial material 

and to a lesser degree, weathered bedrock), where groundwater occupies the spaces between 

particles, known as primary porosity.  Generally, the porosity of hard rocks is much less than in 

sedimentary rocks:  Porosity in sedimentary rocks typically ranges between 30 and 60% and in 

hard rocks similar to those in the Project vicinity (granitics and greenstone) it can be as low as 1 

to 2%, although weathered zones can have porosities similar to sedimentary rocks.   

Related to porosity is a characteristic known as hydraulic conductivity.  A material has high 

hydraulic conductivity if there are many connected pore spaces or large fractures; that is, 

groundwater can move more rapidly through these kinds of materials.  A material has low 

hydraulic conductivity if the pore spaces are not well connected, continuous, or large.  

Groundwater cannot move easily through these kinds of materials.   

Based on the description of the rocks in the quarry area, it is likely that both the porosity and 

hydraulic conductivity of the quarry rocks are low.  The Geotechnical Report describes that the 

fractures, where present, are partially open to tight, with few observed to be open.  Most are filled 

with calcium carbonate, epidote, and quartz.   

Groundwater seepage was observed in only two locations within the existing quarry area, along 

fault planes and near the weathered-fresh bedrock interface (Figure 2 shows seepage locations in 

June 2019).  CCA staff report that Ponds #4, #5, and Settling Pond #3 remain full year round, 

without addition of water.  This suggests that, at least in part, groundwater seepage occurs year 

round and helps maintain lake water levels, in that there is no surface-water runoff from the 

uplands in the summer.   

Well logs for water wells in the vicinity of the Site, on file with the Department of Water 

Resources (DWR), show similar geologic materials as described in the Geotechnical Report 
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(although the driller’s descriptions often mislabel rock types).  Figure 7 shows a map of the 

vicinity wells, for logs that had sufficient location information.  There were 28 wells of record in 

the DWR database.  All of the wells of record are located to the north (within the Rock Creek 

drainage) and to the south of the Site (mostly in the Salt Creek drainage).  There appear to be 

only four wells of record within the Middle Creek drainage, in the Site vicinity (numbers 405981, 

485937, 705923, and 957748).  These wells are all located close to Middle Creek, south to 

southwest of the Site and approximately one-half to one mile away from the Site. 

Based on the geologic mapping of the Site in the Geotechnical Report, we assume that the 

predominant direction of groundwater movement is to the east, following the trend of the faults 

and lineations, and the general fall of the topography towards the Sacramento River.  Based on 

this, there are no groundwater wells downgradient of the Site.   

Potable water in the vicinity, and at the Site, is provided by the Shasta CSD (and previously, the 

Keswick CSD, which is now part of the Shasta CSD).  Figure 8 shows a map of the potable 

water suppliers in the vicinity. 

WATER-BUDGET  

To evaluate the various potential hydrologic impacts from the expanded quarry operations, L&A 

developed a hydraulic-capacity model (in an Excel™ spreadsheet) that accounts for daily inflows 

to and outflows from the new lake, the quarry area, and the plant area.  The model uses various 

inputs (precipitation, evaporation, rock characteristics, drainage areas, etc.) to estimate how water 

will move onto the Site, through the new lake, and into the subsurface.  Model outputs can be 

plotted vs. time to show potential seasonal changes in various factors (e.g., lake depth, run on, 

runoff, evaporation, etc.).  

The modeling evaluated each of the three phases, which will have the following approximate 

areas: 

Phase 1 22.66 acres 43% of area 

Phase 2 21.26 acres 40% of area 

Phase 3 8.82 acres 17% of area 

  

The modeling used the following logic: 

 The maximum lake depth is assumed to be 96 feet, based on a base elevation of 640 feet MSL 

and a design high-water level of 736 feet MSL.  Appendix C shows the calculations for 

volume vs. depth and volume vs. area used in the model, for the entire new lake and for each 

of the proposed phases.   

 Starting storage (in acre-feet) for each day equals the final storage from the previous day. 

 Total daily inflow is calculated by adding the direct precipitation (maximum lake area in 

acres × daily precipitation in feet), groundwater inflow (if used), and stormwater inflow (in 

acre-feet).  The stormwater inflow is routed through the phases based on which phases are 
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operational.   

In years 1 through 20, it is assumed that only Phase 1 will be active; therefore, in those years, 

all upland runoff is routed to Phase 1.   

In years 20 through 40,  it is assumed that Phase 1 will be completed and Phase 2 will be 

active; therefore, in those years, upland runoff is routed to Phase 2 based on its relative size to 

the other phases.  The remaining upland runoff is routed to Phase 1.  The overflow from 

Phase 2 also is routed to Phase 1 because the outlet for the quarry area will be within the 

Phase 1 footprint.   

In years 40 through 50, it is assumed that Phase 3 will be actively mined; in those years 

upland runoff is routed to each phase based on its relative size.  Overflow from Phases 2 and 

3 is routed through Phase 1. 

In years 50+, it is assumed that the quarrying will be completed and the entire lake will be 

established. 

 Total daily outflow is the evaporation (area covered by water × daily evaporation rate in feet) 

and leakage, assumed to be 0.0003 feet/day (1 × 10-7 cm/sec). 

 The daily net change in storage is calculated by subtracting the outflow from the inflow.  The 

net change then is subtracted from the beginning storage to yield the final storage at the end 

of each day.  If final storage is greater than the maximum allowable volume, the volume 

difference spills out of the lake. 

Several model runs were performed, as follows, with the estimated time frame for each phase’s 

operation based on a total operating period of 50 years, approximately apportioned by the relative 

size of each phase: 

Years 1 – 20 Phase 1 only 

Years 21 – 40 Phase 2, with overflow passed to the Phase 1 area 

Years 41 – 50 Phases 2 and 3, with overflow passed to the Phase 1 area 

Phase 1 receives the overflow from the other two phases because the outlet for the future quarry 

lake will be in the Phase 1 area. 

INPUT VARIABLES 

PRECIPITATION 

Precipitation values were taken from daily precipitation recorded at Whiskeytown for the period 

water year 1997 to date.1  Both the entire data set and a subset of the data representing drought 

conditions were used in the modeling.  The drought subset was selected using a graph of the 

cumulative departure from average water-year precipitation (Figure 9).  For a cumulative 

 

1  California Data Exchange Center; http://cdec.water.ca.gov/dynamicapp/QueryDaily?s=WHI&d=03-Jul-

2019+12:36 .   

http://cdec.water.ca.gov/dynamicapp/QueryDaily?s=WHI&d=03-Jul-2019+12:36
http://cdec.water.ca.gov/dynamicapp/QueryDaily?s=WHI&d=03-Jul-2019+12:36
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departure analysis, the average precipitation for the entire period is calculated, and then the 

departure or difference in annual precipitation from the average is calculated for each water year.  

The departure from average annual precipitation is cumulated.  This cumulative value then is 

plotted vs. water year.  A downward trend of cumulative departure indicates a period during 

which precipitation was less than average.  Conversely, an upward trend indicates a period during 

which precipitation was greater than average.  A period of average precipitation is one in which 

the beginning and ending cumulative values are the same.  The period 2007 to 2017 was taken as 

the subset for drought modeling because the period had an extended dry period. 

The annual average precipitation at Whiskeytown is 60.8 inches; the annual average drought 

period precipitation used in the model was 44.2 inches.   

GROUNDWATER  

The model assumes a steady 10 gpm of groundwater inflow, although eliminating groundwater 

inflow does not substantially change modeling results.  In the predictive modeling, it is assumed 

that 10 gpm of groundwater inflow will be routed through the quarry to maintain pond levels in 

the Plant Area.       

STORMWATER 

Stormwater inflow to the model is calculated from the various watershed areas, as shown in 

Figure 4.  Stormwater inflow to the lake was calculated to be 50% of the total rainfall on the 

watershed above the lake; that is, for each day of the modeling period in which there was rain, 

the rainfall amount was multiplied by 45.1 acres and then by 0.5.  Stormwater runoff from the 

Plant area was calculated similarly.  The model, however, does not route Plant Area stormwater 

through each of the Plant ponds; rather, the total storage of the ponds is added together, for ease 

of calculation. 

EVAPORATION  

Evaporation was based on typical values of reference evapotranspiration as published by the 

California Department of Water Resources, August 2008, Estimating Irrigation Water Needs of 

Landscape Plantings in California, Appendix A – Table 1, Zone 14.  Zone 14 encompasses the 

Sacramento Valley and the eastern foothills of the Coast Range, including the southwestern 

portion of Shasta County. 

LEAKAGE 

A relatively slow leakage (hydraulic conductivity) of  0.0003 feet per day (1 × 10-7 cm/sec) was 

assumed for the bottom of the lake, based on the description of the geologic materials and the 

fact that the existing lakes retain water year-round without water addition during the dry season.     

MODELING RESULTS 

Appendix D contains graphs of the results of pond modeling for each phase in 20-year time 

increments.  It is unknown exactly how each phase will be configured; therefore, the modeling 

for the various phases should be considered approximate.  Figures 10 and 11 show graphs of the 
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results for the entire new lake in years 50+, for average and drought scenarios, respectively.  On 

these figures, the thick blue line is the pond depth, the thin red line is inflow, and the medium 

dashed blue line is overflow.   

NEW LAKE WATER LEVELS 

After filling, it would overflow in average years, and would have minimal to no overflow in dry 

years (Figures 10 and 11).  The water level would vary seasonally by less than 5 feet. 

Changing the runoff factor has some effect on model results; if only 10% of the runoff is routed 

to the lake, seasonal water-level changes will be similar and it will not dry out in the summer.    

Modeling results are more sensitive to changing the leakage factor.  If the leakage factor is 

increased by an order of magnitude (to 0.003 feet/day), the water levels would show more 

variability, with the variation less than 10 feet.  If the leakage factor is increased by two orders of 

magnitude (to 0.03 feet/day), the new lake may dry out seasonally.  Although the permeability of 

the material that will form the base of the lake is unknown, it is unlikely to be as permeable as 

0.03 feet/day (1 × 10-5 cm/sec).  Existing ponds at the site do not dry out over the summer.  This 

implies either groundwater contribution to maintaining water levels or low permeability to 

prevent leakage of collected surface water (more likely the latter, based on observations of the 

amount of groundwater seepage in June 2019). 

CHANGES IN WATER BUDGET 

To evaluate how operation of the new lake may change the overall Site water budget, the daily 

values were aggregated to yearly totals for the various modeling scenarios and phases.  

Appendix E contains the summary sheets of those calculations. 

Table 2 summarizes the yearly totals to overall annual averages, to compare pre-Project and 

post-Project water budgets.   

The major changes to the water budget are as follows: 

• Increase in water stored in Site water bodies.  The increase would range from 

approximately 500 to 3,100 acre-feet more than currently held. 

• More total inflow to the system because of the larger area (new lake surface) that receives 

direct precipitation.  The increase could be approximately 40 acre-feet per year.   

Even though the overall area of the quarry + upland watershed remains the same, the 

relative change in percent covered by the open water body means there is more direct 

precipitation (vs. watershed runoff) into the system.  This is because there is less total 

evapotranspiration and infiltration losses in the watershed because of the smaller relative 

area. 

Also, because there is less total “undeveloped” watershed, the amount of upland runoff 

into the system will be between approximately 75 and 100 acre-feet per year less. 
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• Leakage to groundwater will be higher in the future, because of the greater area of the 

new lake relative to the existing ponds.  The total leakage, however, will remain an 

insignificant percentage of the total water budget.  

• More evaporation because of the greater surface area of the new lake.  The increase could 

be approximately 65 to 130 acre-feet per year. 

• Less offsite runoff (denoted as “overflow” in the figures in Appendix D) in both drought  

average periods.  The decrease could average approximately 75 acre-feet/year.       

TABLE 2.  ESTIMATED ANNUAL CHANGES IN WATER BUDGET 

WATER-BUDGET ITEM 
AVERAGE DROUGHT 

EXISTING FUTURE DIFFERENCE EXISTING FUTURE DIFFERENCE 

Direct Precipitation on 
Water Bodies 

59 198 138 58 189 132 

Runoff to Ponds/Lake 325 232 -93 293 218 -76 

TOTAL INFLOW 400 446 46 367 423 56 

Leakage 2 5 3 1 4 3 

Evaporation 53 117 65 53 184 131 

Overflow from Site 337 260 -77 309 235 -74 

TOTAL OUTFLOW 397 449 52 364 423 59 

 

The decrease in offsite runoff during droughts represents approximately 25% less runoff to the 

tributary to Middle Creek.  This would represent a net 1.4% reduction flow to Middle Creek 

below CCA  (25% less off-site discharge over 5.5% of the total Middle Creek drainage area).  

The reduction in off-site discharge would occur only during the wet season. 

Changes in inflow from groundwater, are assumed to be minimal.  Because of the nature of the 

geologic materials (relatively impermeable hard rock with few open fractures), it is unlikely that 

the new lake would act as a groundwater sink.  Some groundwater seepage zones may be 

intercepted by the expanded excavation, but the probability that more seepage zones than are 

currently observed will be encountered at depth is unlikely in that fractures generally become less 

prevalent with depth and the existing seepage zones are associated with the contact between the 

weathered overburden and more competent bedrock. 

WATER-QUALITY  

Water quality at the Facility has been regulated by the Central Valley Regional Water Quality 

Control Board (CVRWQCB) through a series of permits over the years.  Prior to 2015, the 

Facility was regulated under National Pollution Discharge Elimination System (NPDES) permits, 

which were renewed every five years.  The last NPDES permit was rescinded in 2015, and the 
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Facility currently is covered under the General Industrial Stormwater Permit (GISP).  Monitoring 

of pond and runoff water quality was, and is, conducted under all of these permits; Appendix F 

contains summaries of the monitoring programs under the various permits.   

Factors that can influence the water quality of stormwater runoff or stored water at the Facility 

include natural and man-made sources of particulates or chemicals.  Natural sources of 

particulates are undeveloped or unpaved areas; currently, the main area of undeveloped runoff 

area is the upland watershed above the quarry area.   

Potential water-quality contaminants have been described in two reports: 

• Potential salinity-related water-quality issues and their control are described in the 

Salinity Evaluation and Minimization Plan (Salinity Plan).2   

• Potential issues related to chemicals and fuels used and stored at the Facility are described 

in the Spill Prevention Control and Countermeasures Plan (SPCCP).3 

Because issues related to the use, storage, and control of man-made chemicals at the Facility have 

been discussed in the above-referenced reports, they will not be discussed herein.  Evaluation of 

potential impacts of stormwater runoff from the Facility have not previously been presented, and 

are discussed herein.   

Stormwater runoff from the Facility is routed through the various ponds, with all but a small 

portion eventually discharged from Settling Pond #3 (see description of water management, 

pages 4 and 5 of this report).  Stormwater from Pond #4 can be routed around the Settling Ponds 

and discharged directly to the ditch that is tributary to Middle Creek, but this has seldom 

occurred (pers. comm., J. Comingdeer to B. Lampley, 2020).   

Sampling of discharge from Settling Pond #3 and Middle Creek (the receiving water) was 

conducted between 2004 and 2014, under previous NPDES permits.  Sampling of Middle Creek 

is no longer required under the GISP.  To assess whether Facility discharge may affect water 

quality in Middle Creek, Appendix E contains data tables of water-quality testing results from 

Settling Pond #3, and the upstream and downstream points on Middle Creek; data were provided 

by CCA staff.  Table 3 summarizes the differences in upstream vs. downstream values in Middle 

Creek, and offsite discharge (from Settling Pond #3 only; there are no data from the direct 

discharge from Pond 4 because that discharge point is so infrequently used).  

  

 

2  Land Designers, Inc., February 2013, Salinity Evaluation and Minimization Plan. 

3  Land Designers, Inc., June 2018, Spill Prevention Control and Countermeasures Plan (SPCCP) for Crystal Creek 

Aggregates, Redding, California. 
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 TABLE 3.  COMPARISON OF WATER QUALITY OF OFFSITE DISCHARGE VS. MIDDLE CREEK  

Parameter Differences 

Specific conductance 
(µmhos/cm) 

Samples from 2008 - 2012; SP#3 always higher than M.C.; downstream M.C. 
usually slightly higher than upstream M.C., with one exception. 

Total dissolved solids (mg/L) Samples from 2010 - 2012; SP#3 always higher than M.C.; downstream M.C. 
slightly higher than upstream M.C. 

pH (units) Samples from 2004 - 2014; SP#3 usually lower than M.C.; downstream M.C. 
higher than upstream M.C. 

Total suspended solids (mg/L) Samples from 2004 - 2014; SP#3 sometimes higher, sometimes lower than 
M.C.; downstream M.C. sometimes higher than upstream M.C. and CCA 
runoff.  

Settleable solids (mg/L) Samples from 2004 – 2009; all points non-detected. 

Turbidity Samples from 2004 - 2014; SP#3 always higher than M.C.; downstream M.C. 
sometimes higher than upstream M.C.  

Hardness (mg/L) Samples from 2004 - 2012; SP#3 always higher than M.C.; downstream M.C. 
sometimes higher than upstream M.C. 

Aluminum (µg/L) One sample, 2012; SP#3 higher than M.C. upstream, but M.C. downstream 
significantly higher than SP#3 and upstream M.C. 

Arsenic (µg/L) One sample, 2006; SP#3 (0.5) higher than M.C. upstream (0.3), M.C. 
downstream (0.4) higher than upstream M.C. 

Cadmium (µg/L) One sample, 2006; SP#3 and M.C. upstream nondetected, M.C. downstream 
(1.45) higher than upstream M.C. 

Chromium (µg/L) One sample, 2006; SP#3 (1.5) higher than M.C. upstream (0.9), M.C. 
downstream (1.1) higher than upstream M.C. 

Copper (µg/L) Two samples, 2006; SP#3 (2.5-3.9) higher than M.C. upstream (1.4-1.8), 
M.C. downstream the same as upstream M.C. 

Iron (µg/L) One sample, 2012; SP#3 higher than M.C. upstream, but M.C. downstream 
significantly higher than upstream M.C. 

Lead (µg/L) Two samples, 2006 & 2012;  SP#3 lower than M.C. upstream. 

Manganese (µg/L) One sample, 2012; SP#3 (112) higher than M.C. upstream (8.1), M.C. 
downstream (84.4) higher than upstream M.C. 

Mercury (µg/L) One sample, 2006; SP#3 (2.05) lower than M.C. upstream (2.61), M.C. 
downstream (2.49) lower than upstream M.C. 

Nickel (µg/L) One sample, 2006; SP#3 (0.8) higher than M.C. upstream (0.3), M.C. 
downstream the same as upstream M.C. 

Silver (µg/L) One sample, 2006; SP#3 (0.8) lower than M.C. upstream and downstream. 

Zinc (µg/L) Samples from 2005 - 2009; SP#3 always higher than M.C.; downstream M.C. 
sometimes higher and sometimes lower than upstream M.C. 
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The higher pH sometimes observed in the downstream vs. upstream samples from Middle Creek 

suggests that there are influences other than CCA runoff on the downstream water quality.  

Because the CCA runoff samples usually are of lower pH than the Middle Creek samples, it is 

not possible that the CCA runoff is causing the higher pH in the downstream samples. 

Likewise, TSS in downstream samples was periodically higher than in both CCA runoff and 

upstream samples.  This implies an additional source of TSS beyond CCA runoff.    

Hardness was always higher in the CCA runoff than in the upstream Middle Creek samples, and 

the downstream Middle Creek samples were higher than the upstream samples.  This suggests 

that CCA could have affected the hardness in Middle Creek, but it is not clear that the upstream 

vs. downstream differences can be attributed solely to CCA in light of the evidence that there are 

other influences, also.   

The limited data on metals suggests that there was generally no impact on Middle Creek from 

CCA runoff.  If there were impacts, they were slight.  Note that metals derived from runoff from 

the existing mines in the upland watershed have been accounted for in the historic data.   

Therefore, it does not appear that historic runoff from CCA has adversely affected surface-water 

quality in Middle Creek, and there is evidence of other influences that affect the creek’s water 

quality. 

Water management and stormwater-runoff control in the future will be done similarly to the 

current operations.  During each phase, runoff from the disturbed areas will be routed to 

temporary detention basins within the phase footprint, as has been done historically and 

currently.   

Groundwater inflow into each phase also will be routed to the temporary detention basins, as 

currently done.  Once excavation in a phase proceeds such that deeper basins are developed, 

groundwater seepage into the basin will be pumped out for discharge to either temporary basins 

or existing ponds.  Groundwater production from mined areas is not expected to be greater than 

current seepage rates because as the quarry is deepened, the potential for groundwater occurrence 

decreases. 

Overall, there will be less offsite discharge once the new lake is completed than currently occurs 

(Table 2, page 12). 

Therefore, it is unlikely that future operations will adversely affect offsite runoff.     
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APPENDIX B 
VICINITY WELL LOGS 
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Off Tilton Mine Road, Lower Springs



Victoria Highlands



State of California

Well Completion Report
Form DWR 188 Complete 1/21/2016

WCR2016-000426

Owner's Well Number Date Work Began WW-1  12/14/2015 Date Work Ended  12/15/2015

Local Permit Agency  Shasta County Environmental Health

Secondary Permit Agency Permit Number  WTR15-229 Permit Date  11/24/2015

Well Location

 100 New Found WAY Address

 Redding City  96002Zip  ShastaCounty

 40 Latitude  35  10.59

Deg. Min. Sec.

N  -122Longitude  27  6.20

Deg. Min. Sec.

W

 Dec. Lat.  40.5873912 Dec. Long.  -122.4559088

 Vertical Datum  Horizontal Datum  WGS84

 Location Accuracy Location Determination Method  

 204-660-008-000APN

 32 NTownship

 05 WRange

 32Section

Baseline Meridian

 729Ground Surface Elevation

 30 FtElevation Accuracy

 GPS with WAASElevation Determination Method

Geologic Log - Free Form
Depth from 

Surface
Feet to Feet

 Description

0 2 Reddish brown silty clay

2 8 Lt. brown silty clay

8 25 Lt. brown weathered greenstone

25 486 Greenstone

Well Owner (must remain confidential pursuant to Water Code 13752)
 XXXXXXXXXXXXXXXXXXXX Name 

 Mailing Address  XXXXXXXXXXXXXXXXXXXX

 XXXXXXXXXXXXXXXXXXXX

 XXXXXXXXXXXXXXXXXXXX City  XXState  XXXXXZip

Planned Use and Activity

 Planned Use

 Activity

 Destruction

 Drill and Destroy

Borehole Information

 Drilling Method

 Orientation

 Total Depth of Boring  486

 Downhole Rotary 
Hammer

 Vertical

 Total Depth of Completed Well

Drilling Fluid  Air

 Feet

 Feet

 Specify

Water Level and Yield of Completed Well
Depth to first water

Depth to Static

Water Level

Estimated Yield*

Test Length

*May not be representative of a well's long term yield.

(Feet below surface)

(Feet)

(GPM)

(Hours)

Date Measured

Test Type

Total Drawdown (feet)

Casings

Casing 
#

Depth from Surface
Feet to Feet Casing Type Material Casings Specificatons

Wall 
Thickness 

(inches)

Outside
Diameter
(inches)

Screen
Type

Slot Size 
if any

(inches)
Description

Annular Material

Depth from 
Surface

Feet to Feet
Fill Fill Type Details Filter Pack Size Description
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Destruction Details: 
Well unsuccessful, no 
production- Back filled
w/clean native material
to 27'.  Filled with
bentonite chips 27 ' to
19', granular bentonite
19' to surface.

Other Observations: 

Certification Statement
I, the undersigned, certify that this report is complete and accurate to the best of my knowledge and belief

Name DIAMOND CORE DRILLING INC

 Person, Firm or Corporation

P O BOX 491925 REDDING 96049CA

 Address City  State Zip

Signed  electronic signature received
C-57 Licensed Water Well Contractor

01/18/2016

Date Signed

512406

C-57 License Number

DWR Use Only
CSG # State Well Number Site Code Local Well Number

N

Latitude Deg/Min/Sec Longitude Deg/Min/Sec

TRS:

APN:

W

Borehole Specifications

Depth from 
Surface

Feet to Feet
Borehole Diameter (inches)

Attachments
Cory McCandliss Well Site.pdf - Location Map
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 APPENDIX C 
 NEW LAKE & PHASE CHARACTERISTICS 
  



Elevation Incremental Area Volume
feet MSL feet acres acre feet

640 0 11.01            0
650 10 11.47            115
660 20 11.95            239
670 30 12.44            373
680 40 12.96            518
690 50 13.50            675
700 60 14.07            844
710 70 14.65            1,026
720 80 15.26            1,221
730 90 15.90            1,431
736 96 16.56            1,590

Elevation
Incremental 

Depth Area Volume
feet MSL feet acres acre feet

640 0 7.63              0
650 10 7.94              79
660 20 8.27              165
670 30 8.62              259
680 40 8.98              359
690 50 9.35              468
700 60 9.74              585
710 70 10.15            710
720 80 10.57            846
730 90 11.01            991
736 96 11.47            1,101

Elevation
Incremental 

Depth Area Volume
feet MSL feet acres acre feet

640 0 3.08              0
650 10 3.21              32
660 20 3.34              67
670 30 3.48              104
680 40 3.62              145
690 50 3.78              189
700 60 3.93              236
710 70 4.10              287
720 80 4.27              341
730 90 4.44              400
736 96 4.63              444
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Elevation
Incremental 

Depth Area Volume
feet MSL feet acres acre feet

640 0 21.71            0
650 10 22.62            226
660 20 23.56            514
670 30 24.54            773
680 40 25.56            1,115
690 50 26.63            1,492
700 60 27.74            1,788
710 70 28.90            2,085
720 80 30.10            2,383
730 90 31.35            2,691
736 96 32.66            3,135

ENTIRE LAKE
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R² = 0.9973
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APPENDIX D 
 WATER-BUDGET MODELING OUTPUT GRAPHS 
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APPENDIX E 
 WATER-BUDGET MODELING ANNUAL SUMMARIES 
  



WATER BALANCE SUMMARY
CLEAR CREEK AGGREGATE LAKE MODELING

Model Year Direct Precip Runoff
TOTAL 

INFLOW Leakage Evaporation Overflow
TOTAL 

OUTFLOW BALANCE
CHECK (STORAGE 

FROM MODEL)
acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet

3099
51 102 55 157 4 156 17 177 3079 3079
52 161 87 249 4 156 59 219 3109 3109
53 210 113 323 4 156 149 309 3123 3123
54 203 110 313 4 157 145 305 3130 3130
55 128 69 197 4 156 65 225 3102 3102
56 121 65 186 4 156 21 181 3107 3107
57 96 52 147 4 156 0 159 3095 3095
58 146 79 226 4 156 64 224 3096 3096
59 177 96 273 4 156 110 270 3099 3099
60 250 135 385 4 156 225 385 3099 3099

Model Year Direct Precip Runoff
TOTAL 

INFLOW Leakage Evaporation Overflow
TOTAL 

OUTFLOW BALANCE
CHECK (STORAGE 

FROM MODEL)
acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet

3150
51 122 77 198 36 156 71 263 3085 3085
52 169 106 275 36 156 86 278 3082 3082
53 215 136 350 36 156 142 334 3098 3098
54 153 97 250 36 156 74 265 3083 3083
55 191 120 311 36 156 96 289 3105 3105
56 244 154 398 36 156 224 416 3086 3086
57 111 70 180 36 156 0 192 3075 3075
58 102 64 166 36 156 0 191 3050 3050
59 161 102 263 36 156 24 216 3097 3097
60 210 132 342 36 157 133 326 3113 3113

ENTIRE LAKE - DRY PERIOD - YEARS 51 - 60

ENTIRE LAKE - AVERAGE PERIOD - YEARS 51 - 70



WATER BALANCE SUMMARY
CRYSTAL CREEK AGGREGATE QUARRY EXPANSION

Model 
Year Direct Precip Runoff

Overflow 
From Phases 

2 and/or 3
TOTAL 

INFLOW Leakage Evaporation Overflow
TOTAL 

OUTFLOW BALANCE
CHECK (STORAGE 

FROM MODEL)
acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet

1590
41 69 39 107 215 2 78 194 274 1532 1532
42 110 63 99 271 2 78 177 256 1546 1546
43 143 81 165 389 2 78 303 383 1553 1553
44 138 79 157 374 2 78 289 369 1558 1558
45 87 49 80 217 2 78 151 230 1544 1544
46 82 47 55 184 2 78 100 180 1548 1548
47 65 37 36 138 2 78 64 143 1543 1543
48 100 57 101 257 2 78 178 258 1542 1542
49 120 69 139 328 2 78 247 327 1543 1543
50 170 97 237 503 2 78 426 505 1541 1541

Model 
Year Direct Precip Runoff

Overflow 
From Phases 

2 and/or 3
TOTAL 

INFLOW Leakage Evaporation Overflow
TOTAL 

OUTFLOW BALANCE
CHECK (STORAGE 

FROM MODEL)
acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet

1590
41 83 47 131 261 2 92 215 310 1541 1541
42 115 65 131 311 2 91 224 317 1535 1535
43 146 83 177 406 2 91 306 399 1542 1542
44 104 59 111 274 2 89 191 282 1534 1534
45 130 74 140 344 2 93 238 334 1544 1544
46 166 94 230 491 2 91 405 498 1537 1537
47 75 43 39 157 2 89 54 145 1549 1549
48 69 40 65 174 2 86 105 192 1530 1530
49 110 63 112 284 2 90 181 274 1541 1541
50 143 81 153 377 2 94 274 370 1548 1548

PHASE 1 - DRY PERIOD - YEARS 41 - 50

PHASE 1 - AVERAGE PERIOD - YEARS 41 - 50



WATER BALANCE SUMMARY
CRYSTAL CREEK AGGREGATE QUARRY EXPANSION

Model 
Year Direct Precip Runoff

TOTAL 
INFLOW Leakage Evaporation Overflow

TOTAL 
OUTFLOW BALANCE

CHECK (STORAGE 
FROM MODEL)

acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet
1101

41 65 37 102 2 80 76 158 1045 1045
42 103 59 162 2 84 65 152 1055 1055
43 134 76 210 2 91 111 204 1061 1061
44 129 74 203 2 93 106 202 1062 1062
45 81 46 128 2 85 51 138 1052 1052
46 77 44 121 2 82 34 117 1056 1056
47 61 35 96 2 74 21 97 1055 1055
48 93 53 147 2 79 69 149 1053 1053
49 113 64 177 2 80 96 179 1051 1051
50 160 91 250 2 83 165 250 1052 1052

Model 
Year Direct Precip Runoff

TOTAL 
INFLOW Leakage Evaporation Overflow

TOTAL 
OUTFLOW BALANCE

CHECK (STORAGE 
FROM MODEL)

acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet
1101

41 78 44 122 2 86 81 169 1054 1054
42 108 61 169 2 82 88 172 1051 1051
43 137 78 215 2 82 125 209 1057 1057
44 98 56 153 2 81 77 159 1051 1051
45 122 69 191 2 86 96 184 1058 1058
46 156 89 244 2 83 165 250 1052 1052
47 71 40 111 2 85 17 104 1059 1059
48 65 37 102 2 75 39 116 1045 1045
49 103 59 162 2 84 65 152 1055 1055
50 134 76 210 2 91 111 204 1061 1061

PHASE 2 - DRY PERIOD - YEARS 41 - 50

PHASE 2 - AVERAGE PERIOD - YEARS 41 - 50



WATER BALANCE SUMMARY
CRYSTAL CREEK AGGREGATE QUARRY EXPANSION

Model 
Year Direct Precip Runoff

TOTAL 
INFLOW Leakage Evaporation

Overflow to 
Phase 1 

Outlet
TOTAL 

OUTFLOW BALANCE
CHECK (STORAGE 

FROM MODEL)
acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet

444
41 27 11 38 0 22 31 53 429 429
42 43 17 60 0 22 33 56 433 433
43 55 22 78 1 22 54 76 434 434
44 54 21 75 1 22 51 73 436 436
45 34 13 47 0 22 29 51 432 432
46 32 13 45 0 22 21 43 434 434
47 25 10 35 0 22 15 37 432 432
48 39 15 54 0 22 32 54 432 432
49 47 19 66 0 22 43 65 432 432
50 66 26 93 0 22 72 94 431 431

Model 
Year Direct Precip Runoff

TOTAL 
INFLOW Leakage Evaporation

Overflow to 
Phase 1 

Outlet
TOTAL 

OUTFLOW BALANCE
CHECK (STORAGE 

FROM MODEL)
acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet

444
41 32 32 64 1 22 50 72 436 436
42 45 17 62 0 22 43 65 432 432
43 57 20 76 0 22 52 74 434 434
44 41 13 53 0 22 34 56 431 431
45 50 18 68 0 22 44 66 434 434
46 65 23 87 0 22 65 88 433 433
47 29 16 45 0 22 22 44 434 434
48 27 20 47 0 22 26 48 433 433
49 43 26 68 0 22 46 69 433 433
50 55 12 67 1 22 42 65 436 436

PHASE 3 - DRY PERIOD - YEARS 41 - 50

PHASE 3 - AVERAGE PERIOD - YEARS 41 - 50



 

 

APPENDIX F 
 MONITORING DATA TABLES 



WATER-QUALITY TESTING RESULTS
DISCHARGE FROM SETTLING POND #3 AND MIDDLE CREEK UPSTREAM & DOWNSTREAM

Pond 3 
Out

M.C. Up
M.C. 

Down
Pond 3 Out M.C. Up

M.C. 
Down

Pond 3 Out
M.C. 

Up
M.C. 

Down
Pond 3 Out

M.C. 
Up

M.C. 
Down

Pond 3 Out
M.C. 

Up
M.C. 

Down

12/30/04 7.42 7.37 7.46 15 <2 2
01/13/05
05/15/06 7.20 7.55 7.61 2 <2 <2
05/15/06
01/04/08 193
02/23/09 7.21 7.58 7.60 2 <2 <2
02/23/09
03/03/10 247 74 104 171 63 74
12/30/11 638 84 248
01/23/12 7.77 7.66 7.65 <2 <2 <2
02/29/12 77 100
03/13/12 579 119 146 398 7.96 7.92 7.76 <2 4 66
03/23/12 7.78 7.85 7.87 <2 <2 <2
03/28/12 73 68 7.77 7.69 7.76 5 8 5
11/30/12 261 63 10.3 3.2
12/05/12 <2 <2
12/14/12 <2 <2
12/21/12 7.0 3.7
12/26/12 238 64 6.8 <2
01/03/13 0.44 5.38 5.60 8.22 8.42 <2 <2
01/10/13 0.10 3.28 3.36 7.85 8.36 2.2 <2
01/17/13 0.05 2.23 2.24 7.93 7.93 2.8 <2
01/24/13 0.03 1.18 1.16 7.89 7.99 <2 <2
01/31/13 0.02 1.18 1.16 7.94 8.02 <2 <2
03/06/14 8.20 17.40 20.40 6.85 7.84 8.04 <2 3.2 3.3
03/10/14 0.44 8.50 9.30 7.16 7.88 8.06 <2 <2 <2
04/01/14 0.28 2.23 2.24 7.04 7.62 8.07 <2 <2 <2

Flow (CFS) SC (umhos/cm) TDS (mg/L) pH (units) TSS (mg/L)
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WATER-QUALITY TESTING RESULTS
DISCHARGE FROM SETTLING POND #3 AND MIDDLE CREEK UPSTREAM & DOWNSTREAM

12/30/04
01/13/05
05/15/06
05/15/06
01/04/08
02/23/09
02/23/09
03/03/10
12/30/11
01/23/12
02/29/12
03/13/12
03/23/12
03/28/12
11/30/12
12/05/12
12/14/12
12/21/12
12/26/12
01/03/13
01/10/13
01/17/13
01/24/13
01/31/13
03/06/14
03/10/14
04/01/14

Pond 3 Out
M.C. 

Up
M.C. 

Down
Pond 3 Out

M.C. 
Up

M.C. 
Down

Pond 3 Out
M.C. 

Up
M.C. 

Down
Pond 3 Out

M.C. 
Up

M.C. 
Down

Pond 3 Out
M.C. 

Up
M.C. 

Down

<0.1 <0.1 <0.1 25.9 5.4 5.84 73 32 28
41 29 29

<0.1 <0.1 <0.1 2.14 0.59 0.90 63 28 31 0.5 0.3 0.4

<0.1 <0.1 <0.1 13.1 5.37 7.23 59 22 31

9.2 8.5 0.2
<0.1 3.8

2.2 55.2 0.3 0.4
<0.1 0.7 13.4 62.7 2020
<0.1 0.8 0.6 0.7
<0.1 10.7 9.2 8.6 208 28 25

169 29
<0.1 13.02 0.32
<0.1 2.18 0.25
<0.1 0.97 0.22 250 34
<0.1 1.01 0.23
<0.1 0.56 0.17
<0.1 11.12 4.81 6.07
<0.1 9.18 0.96 1.23

9.47 1.43 1.77

Aluminum (ug/L) Arsenic (ug/L)Settleable Solids (mg/L) Turbidity (NTU) Hardness (mg/L)
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WATER-QUALITY TESTING RESULTS
DISCHARGE FROM SETTLING POND #3 AND MIDDLE CREEK UPSTREAM & DOWNSTREAM

12/30/04
01/13/05
05/15/06
05/15/06
01/04/08
02/23/09
02/23/09
03/03/10
12/30/11
01/23/12
02/29/12
03/13/12
03/23/12
03/28/12
11/30/12
12/05/12
12/14/12
12/21/12
12/26/12
01/03/13
01/10/13
01/17/13
01/24/13
01/31/13
03/06/14
03/10/14
04/01/14

Pond 3 Out
M.C. 

Up
M.C. 

Down
Pond 3 Out

M.C. 
Up

M.C. 
Down

Pond 3 Out
M.C. 

Up
M.C. 

Down
Pond 3 Out

M.C. 
Up

M.C. 
Down

Pond 3 Out M.C. Up
M.C. 

Down

<0.05 <0.05 1.45 1.5 0.9 1.1 3.9 1.8 1.8 <0.1 0.2
2.5 1.4 1.4

0.05 <0.1 2 <0.1

<0.05 <0.05 <0.1 <0.1 1.9 3.4 <0.1 0.2
160 148 2990

0.10 <0.05 5.9 2.2

<0.05 <0.05 2.8 1.9

Cadmium (ug/L) Chromium (ug/L) Lead (ug/L)Iron (ug/L)Copper (ug/L)
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WATER-QUALITY TESTING RESULTS
DISCHARGE FROM SETTLING POND #3 AND MIDDLE CREEK UPSTREAM & DOWNSTREAM

12/30/04
01/13/05
05/15/06
05/15/06
01/04/08
02/23/09
02/23/09
03/03/10
12/30/11
01/23/12
02/29/12
03/13/12
03/23/12
03/28/12
11/30/12
12/05/12
12/14/12
12/21/12
12/26/12
01/03/13
01/10/13
01/17/13
01/24/13
01/31/13
03/06/14
03/10/14
04/01/14

Pond 3 
Out

M.C. Up
M.C. 

Down
Pond 3 

Out
M.C. Up

M.C. 
Down

Pond 3 
Out

M.C. Up
M.C. 

Down
Pond 3 

Out
M.C. Up

M.C. 
Down

Pond 3 
Out

M.C. Up
M.C. 

Down

42 6 8
2.05 2.61 2.49 0.8 0.3 0.3 0.14 0.38 0.16 26.7 3.3 3.8

33.9 10 8.9

35 7.0 6.9
27.4 2.6 4.5

1.49 2.3 <0.10 68.9

0.79 4.02 2 0.4 <0.10 <0.10 55.3 3.4
112 8.1 84.4

53.1 3.2

35.3 3.1

Manganese (ug/L) Zinc (ug/L)Silver (ug/L)Nickel (ug/L)Mercury (ug/L)
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Crystal Creek Aggregate
Monitoring

R5-2002-0160
Parameter Frequency
Precipitation Daily
Sedimentation Ponds

Liquid depth
Freeboard
Discharge
Settling Agent

D-001 (pond effluent)
Flow
pH
Settleable solids
TSS
Turbidity
Zinc (total & dissolved)
Hardness
Priority poll. metals 2x year
Acute toxicity Annually

R-1, R-2 (Middle Creek)
pH
TSS
Turbidity
Hardness
Zinc (total & dissolved)
Priority poll. metals 2x year

Weekly

Daily if precip >1", biweekly if 
continuous discharge

Monthly

Daily if precip >1", biweekly if 
continuous Q

Monthly
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