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1.0 INTRODUCTION 

The following Technical Memorandum (TM) provides information on the raw water quality 
sampling program undertaken in support of the Nevada Irrigation District (NID) Regional Water 
Supply Project (Project).  This TM presents the data from the water quality sampling program 
and a discussion of the impacts of the water quality on the Project design. 

Data from the water quality sampling program was used in the selection of the proposed water 
treatment process; conventional pretreatment and mixed media filtration (“Water Treatment 
Process and Screening”, ECO:LOGIC, May 2009).  The data was also essential to assess 
disinfection strategies applicable to the new WTP, the analysis of which will be provided in the 
Project Basis of Design Report (BDR).  The recommended disinfection strategy includes 
secondary UV disinfection with primary/secondary chlorination.   

Lastly, the data was used to evaluate the effect of the source water quality on the Project based on 
current and future drinking water regulations.  A detailed summary of current and future water 
quality regulations will be presented in the BDR. 

1.1. REFERENCE DOCUMENTS

References used in preparation of the TM include: 

�ƒ “Water Treatment Process and Screening”, ECO:LOGIC, May 2009 
�ƒ “Water Quality Sampling Sites and Constituents”, ECO:LOGIC, April 2008 

2.0 WATER QUALITY SAMPLING SITES AND CONSTITUENTS 

Combie Reservoir is the proposed primary source of raw water to the facility, although the 
location of the diversion point(s) may vary depending on Project raw water conveyance facilities 
phasing, water quality impacts from activities within the watershed affecting some of the 
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potential conveyance facilities, and other water sources based on project alternatives.  Possible 
diversion points for the primary raw water supply include: 

�ƒ Combie Ophir I Canal just down stream of the Bear River Siphon in the vicinity of 
Lake Valley Drive, 

�ƒ Camp Far West Canal about one and one half miles downstream of the canal’s 
diversion point from Coon Creek, and  

�ƒ Coon Creek in the vicinity of Garden Bar Road via a pumping station. 

Water quality data from all three locations has been collected to assess the potential raw water 
sources.  Raw water quality is a determining factor for the process selection and regulatory 
compliance. 

A back-up raw water supply will be proposed for the Project to provide an alternative raw water 
supply in the event of a planned or unplanned interruption of the primary supply.  The proposed 
back-up supply will be diverted from the Whiskey Diggins Canal.  The source and conveyance 
facilities used to convey raw water to the diversion point are different than those used to convey 
and store the primary raw water supply.  Therefore, sampling of the back-up supply was 
conducted to determine raw water quality expected at the WTP when the back-up supply is 
utilized.

A raw water quality data collection program was initiated in February 2008 to assess regulatory 
compliance and evaluate the proposed water treatment process.  Limited historical water quality 
data is available for these sources; however, beginning in February 2008, samples were taken 
from each source for evaluation of several key water quality parameters.  The sampling plan and 
locations for raw water testing are described in the TM “Water Quality Sites and Constituents”,
April 2008, prepared by ECO:LOGIC Engineering.  Figure 1 shows the raw water sampling 
locations.
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Based on coordination with the District 2 - Lassen Water Program office of the California 
Department of Public Health (CDPH), ECO:LOGIC developed a list of constituents and a 
sampling frequency for the proposed raw water sources.  ECO:LOGIC staff collected the samples 
from the selected sites on a monthly basis and delivered the samples to the laboratory for 
analysis.  The laboratory used for the Giardia/Cryptosporidum analyses was BioVir Laboratories 
Inc. out of Benicia, California.  Trihalomethane formation potential (THMFP) analyses were 
performed by Truesdail Laboratories Inc. from Tustin, California.  The laboratory for the 
remaining constituents was California Laboratory Services out of Rancho Cordova, California.  
Table 1 shows the sampling frequency and constituents. 

ECO:LOGIC began the sampling program in February 2008, with monthly constituent sampling 
at all four sites.  The first and only, CDPH Title 22 samples were collected for Combie Ophir I 
Canal and Camp Far West Canal in March of 2008.  The Title 22 samples for the Whiskey 
Diggins Canal were collected in May 2008 after NID began diverting raw water down Deadman 
Canyon for irrigation purposes and the water in the Whiskey Diggins was considered 
representative of the expected source of water.  Coon Creek samples were also collected in May 
2008 and considered representative of source water quality reflecting impacts in the watershed 
associated with use of a natural creek for conveyance.  The Giardia/Cryptosposiridum samples 
were taken at each site twice in the 12-month period, once in April 2008 during spring runoff and 
a second time in December 2008 after the irrigation season.  The water quality sampling program 
also included sampling events during and immediately after rainfall events during the winter 
2008-2009 to capture and assess changing turbidity in the canals during wet weather events. 

Section 3.0 of this TM provides a detailed presentation of the water quality data collected for 
each of the four potential raw water sources.  
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Table 1 
Water Quality Sampling Frequency and Location

Source 

Combie Ophir 1 Canal Camp Far West Canal Whiskey Diggins Canal Coon Creek 

Parameter Notes Frequency No. of 
Samples 

Frequency No. of 
Samples 

Frequency No. of 
Samples 

Frequency No. of 
Samples 

Title 22/Chapter 15 (a) Once per 
source

1 Once per 
source

1 Once per 
source

1 Once per 
source

1

Turbidity (b) Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Temperature (b) Monthly 16 Monthly 16 Monthly 16 Monthly 16 

pH (b) Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Electrical Conductivity (b) Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Total/fecal coliform (b) Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Total organic carbon  Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Total suspended solids (b) Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Hardness and Alkalinity  Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Copper  Monthly 12 Monthly 12 Monthly 12 Monthly 12 

Cryptosporidium/Giardia (c) Bi-Annually 2 Bi-Annually 2 Bi-Annually 2 Once 2 

THM Formation 
Potential 

 Monthly 16 Monthly 16 Monthly 16 Monthly 16 

Algae (d) Spring/ 
Summer

2 Spring/ 
Summer

2 Spring/ 
Summer

2 Spring/ 
Summer

2

(a)  This analysis includes primary inorganics and metals, including perchlorate, nitrite and nitrate, secondary contaminants, radionuclides, VOCs and SOCs. 
(b)  Up to four additional samples will be collected during critical periods (e.g. rainfall events, snowmelt, etc.) that may result in degraded raw water quality. 
(c)  One during spring runoff and one in the fall. 
(d) Two algae samples taken; sampling events were determined based on seasonal variations. 
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3.0 RAW WATER QUALITY 

This section provides a data summary of the raw water quality for each potential raw water 
source.

3.1. WATER QUALITY DATA SUMMARY

Table 2 provides a summary of the water quality data collected to date.  Samples were taken 
monthly beginning in February 2008 and ending January 2009.  NID has also provided 
ECO:LOGIC with water quality data for the following sources: 

�ƒ Treated water quality data from the Lake of the Pines (LOP) – 2005-2007; 

�ƒ LOP raw water data – monthly samples for total coliform and E. Coli between August 
2001 and May 2008; 

�ƒ Magnolia 3 Reservoir raw water data - monthly samples for total coliform and E. Coli 
between March 2006 and May 2008; 

�ƒ Camp Far West turnout – monthly samples for alkalinity, pH, temperature, turbidity, 
total coliform and E. coli between January 2007 and January 2008.   

The treated and raw water quality data for LOP and Magnolia 3 Reservoir are shown in 
Appendix A of this TM.  The Camp Far West turnout data was combined with data collected as 
part of the Project and is presented in Table 2. 

The LOP treatment plant uses raw water pumped from a turnout located on the Combie North 
Aqueduct, immediately downstream of Combie Reservoir.  The pump station conveys raw water 
to the Magnolia 3 Reservoir.  Raw water is then conveyed from Magnolia 3 Reservoir via an 
open channel ditch (>2 miles) to the LOP WTP.  Water qualities at these sites are presented for 
comparison purposes only.  The water quality from Magnolia 3 Reservoir is comparable to what 
is expected from Phase 3 of the RWSP with water being taken directly from Combie Reservoir.  
The data from LOP WTP provides a representation of the potential change in raw quality due to 
transmission through an open channel ditch caused by impacts of stormwater runoff and other 
activities in the watershed downstream of Combie Reservoir. 

Laboratory reports for the monthly water quality data for each sample location are in Appendix B 
of this TM.
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Table 2 
Water Quality Data Summary

Primary Water Supply Back-Up Water Supply 
Water Quality Parameter,  

Unit of Measurement Camp
Far West 

Combie
Ophir

Coon
Creek 

Whiskey Diggins 

Min. 1.3 1.1 0.9 1.2 

Max. 10.1 7.4 5.6 16 

Turbidity, NTU 

Avg. 4.16 3.13 2.24 6.3 

Min. 1.6 1.2 2.3 1.4 

Max. 6.5 2.7 6.5 3.1 

Total Organic Carbon, mg/L 

Avg. 3.17 2.0 3.8 2.23 

Min. 44 43 47 44 

Max. 78 71 75 71 

Temperature, oF

Avg. 60 58 59 57 

Min. 22 16 28 19 

Max. 78 25 69 44 

Alkalinity, mg/L as CaCO3

Avg. 45 19 45 28 

Min. 25 13 26 17 

Max. 84 30 90 55 

Hardness, mg/L as CaCO3

Avg. 51 19 54 32 

Min. 7.4 7.1 7.0 7.2 

Max. 8.5 7.6 8.5 7.8 

pH, pH units 

Avg. 8.0 7.3 7.5 7.5 

Min. 5.0 26 ND 7.5 

Max. 18 26 ND 25 

Total Suspended Solids (TSS), 
mg/L

Avg. 7.95 26 ND 15 

Min. 240 8 170 79 

Max. 5,400 720 7,000 4,900 

Total Coliform, MPN per 100 mL 

Avg. 1,965 130 3,300 2,040 

Min. 17 2 23 17 

Max. 2,400 110 2,300 1,300 

Fecal Coliform, MPN 

Avg. 480 23 770 236 

Min. 13 2 94 22 

Max. 2,400 23 1,700 1,300 

E. Coli 

Avg. 284 14.8 710 270 

Min. 0 0 0 0 Cryptosporidium, Total/L 

Max. 3 0 3 0 

Min. 1 0 1 0 Giardia, Total/L 

Max. 2 0 1 1 
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3.1.1. Rain Event Data Summary 

Local experience with canals in the area, and reports from the NID staff, indicate that raw water 
turbidity in the canals can quickly rise during rainfall events with large spikes as runoff from the 
surrounding watershed washes sediment into the canals.  The water quality is considered to be 
“flashy” – that is, changes rapidly.  The rapid changes in raw water turbidity can make treatment 
difficult due to the process adjustments that must be made.   

High turbidity events caused by rainfall runoff can produce raw water turbidities up to, and 
occasionally exceeding 100 nephelometric turbidity units (NTU).  The elevated turbidity can last 
for days or weeks during heavy and/or prolonged rainfall events common in the Sierra Foothills.  
As indicated previously, water quality can change rapidly from relatively low turbidity to these 
more elevated levels.  Raw water data collected as part of this Project have not reflected the rapid 
turbidity fluctuations that occur in the watershed due to the abnormally dry conditions 
experienced in winter 2007/2008, spring 2008 and continuing into the fall and early winter of 
2008/2009.  Rainfall event data collection occurred on January 23, 2009, February 12, 2009, and 
February 18, 2009.  A summary of this data is presented in Table 3. 
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Table 3
Rainfall Event Water Quality Data Summary 

Primary Water Supply Back-Up Water Supply 

Water Quality Parameter,  
Unit of Measurement 

Sample
Date

Camp
Far 

West 

Combie
Ophir

Coon
Creek Whiskey Diggins 

1/23/09 13 2.3 14 7.4 

2/12/09 10 1.7 11 7.9 

Turbidity, NTU 

2/18/09 21 4.7 24 16 

1/23/09 8.1 2 9 5.3 

2/12/09 5.3 2.1 5.8 3.3 

Total Organic Carbon, mg/L 

2/18/09 5.6 2.1 6.8 4.7 

1/23/09 51 45 50 50 

2/12/09 45 45 44 43 

Temperature, oF

2/18/09 55 47 48 49 

1/23/09 54 21 52 32 

2/12/09 62 25 58 38 

Alkalinity, mg/L as CaCO3

2/18/09 37 21 45 35 

1/23/09 71 22 65 41 

2/12/09 74 23 66 43 

Hardness, mg/L as CaCO3

2/18/09 53 23 53 45 

1/23/09 8.11 7.39 7.7 7.58 

2/12/09 8.56 7.64 7.74 7.65 

pH, pH units 

2/18/09 9.24 7.71 7.7 7.61 

1/23/09 ND ND 5.8 ND 

2/12/09 5.2 ND 7.3 ND 

Total Suspended Solids (TSS), 
mg/L

2/18/09 9 ND 13 12 

1/23/09 17,000 46 17,000 3,100 

2/12/09 4,600 11 13,000 1,300 

Total Coliform, MPN per 100 mL 

2/18/09 4,900 1,700 3,300 2,300 

1/23/09 350 <1.8 2,300 230 

2/12/09 790 <1.8 700 130 

Fecal Coliform, MPN 

2/18/09 230 11 490 140 

1/23/09 220 <1.8 2,300 230 

2/12/09 58 <1.8 700 79 

E. Coli 

2/18/09 330 7.8 490 140 
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3.1.2. Giardia and Cryptosporidium Data Summary 

Giardia andCryptosporidium samples were also collected from the raw water supplies under 
consideration.  The first set of samples was taken in April 2008 with the results showing presence 
of Cryptosporidium in the Camp Far West and Coon Creek sites.  A second set of pathogen 
samples was taken in December 2008 with the results showing presence of Giardia in the Camp 
Far West, Whiskey Diggins and Coon Creek sources.  The data provides an indication of the 
potential treatment bin classification under the Long Term 2 Enhanced Surface Water Treatment 
Rule (LT2ESWTR); however, biweekly sampling over the course of an entire year will be 
needed to ascertain the required level of treatment prior to design.  To ensure that the WTP will 
meet future regulations, the unit processes identified in the BDR will be based on a worst case 
requirement (LT2ESWTR Bin 4) of an additional 2.5-log treatment for Cryptosporidium (beyond 
the required 3-log removal/inactivation requirement).  Methods for meeting that requirement will 
be developed in the BDR. 

3.1.3. Bacteriological Water Quality Data Summary 

Total coliform, fecal coliform, and E. Coli samples were taken monthly at each of the four 
potential raw water supplies during the monitoring period.  Additional total coliform and E. Coli 
data were provided by NID for the LOP WTP, Magnolia 3 reservoir and the Camp Far West 
turnout.  Although, bacteriological water quality is regulated as a primary standard under 
California’s Title 22 Chapter 15 Domestic Water Quality and Monitoring, raw water total 
coliform concentrations also drive the level of required treatment under CDPH treatment 
guidelines.  Since all of the potential sources have shown, on any one occasion, total coliform 
concentrations to exceed 1,000 MPN/100 mL, the CDPH treatment guidelines require an 
additional 1-log removal/inactivation of both Giardia and virus. 

Another item to consider is that under current conditions, the potential water supply at the Camp 
Far West turnout, and further down stream at the Coon Creek turnout, would be influenced by 
treated wastewater effluent discharged from Placer County Department of Facility Services, 
Placer County Sewer Maintenance District No. 1 Wastewater Treatment Plant (WWTP) on 
Joeger Road, west of Hwy 49.  Elevated levels of total coliform seen at these sample locations 
may be the result of WWTP effluent discharge, although this has not been confirmed.  But, based 
on CDPH guidelines regarding wastewater influences on surface water sources, CDPH 
discourages the use of a surface water supply for a WTP if that supply is under the influence of 
the discharge from a wastewater treatment plant and has a dilution factor of less the 19:1 (less 
than, or equal to, 5% effluent).  It is anticipated that continued discharge of treated effluent from 
the Placer County WWTP in the current permitted location would prevent the use of Camp Far 
West Canal or Coon Creek as viable raw water supply diversion points for this Project. 

3.1.4. Disinfection Byproduct Formation Potential 

The sampling program also analyzed for trihalomethane formation potential monthly during the 
sample period.  In March 2009, the sites were also sampled for bromide to assess the potential for 
formation of disinfection byproducts associated with bromate.   
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THM Formation Potential (THMFP) 

The THMFP test is intended to provide the relative potential for the formation of disinfection 
byproducts, specifically trihalomethanes (THMs), which can be used to determine the relative 
THMFP between raw water sources.  Monthly THMFP tests were conducted to determine the 
extent of THM formation when the source water is chlorinated.  The annual monthly average 
values of THMFPs of various sources are summarized in the Table 4.  

Table 4 
Average Source Water THM Formation Potential Qualit y 

2008 Monthly Average THM Concentration ( ��g/L) (a)

Raw Water Source 
CHCl3 CHBrCl 2 CHBr2Cl CHBr3 Total THM 

Camp Far West Turnout 184 6.90 0.08 0.00 191 

Combie Ophir Canal Turnout 102 1.86 0.00 0.00 104 

Whiskey Diggins Canal Turnout 147 2.58 0.00 0.00 149 

Coon Creek 178 5.87 0.00 0.00 183 

(a) The THMFP test condition: pH = 7.0, Contact Time = 7 days, Temperature = 25°C, Cl2 residual at the 
end of 7-day = >1.0 mg/L. 

The test is conducted under conditions which promote the formation of THMs and is not 
intended to reflect expected THM concentrations within the treated water.  The artificial test 
condition assures that THM precursors, primarily total organic compounds, react with chlorine 
under a constant temperature (25°C), an ample contact time (7 days), and a constant pH (buffered 
at pH 7). 

The initial chlorine dosages used for the THMFP ranged between 10 to 20 mg/L.  The actual 
chlorination practice during the treatment processes, however, will be much lower.  Further, 
pretreatment will remove disinfection byproducts.  ECO:LOGIC has developed a disinfection 
strategy for the project recommending primary UV disinfection, followed by chlorination used at 
low concentrations in the WTP pretreatment process, and again for virus inactivation prior to 
delivery to the treated water storage tanks/distribution system.  The total plant chlorine dose is 
expected to be in the range of 1.5-3.0 mg/L.  The proposed disinfection strategy will be included 
in the BDR. 

Source water from the Combie Ophir 1 Canal has lowest potential for the formation of THMs, as 
would be expected from the lower concentrations of TOC which were measured (between 1 and 
3 mg/L); in contrast the other raw water sources had higher concentrations as summarized in 
Tables 2 and 3.  Based on the relatively low levels of TOC from the potential source waters, and 
the proposed disinfection plan utilizing UV, disinfection byproducts are not expected to be a 
problem in the distribution system served by the WTP.  As an example, compliance sampling 
performed in the LOP distribution system, as provided in NID’s 2008 Water Quality Report, 
showed average total THM and five haloacetic acids (HAA5) concentrations of 48.8 µg/L and 
22.3 µg/L, respectively.  The maximum contaminant levels (MCL) for total THM and HAA5 are 
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80 µg/ and 60 µg/L, respectively.  Similar, or lower, THM/HAA5 concentrations would be 
expected in treated water produced at the Project WTP. 

Bromide

Bromide testing was also performed on each of the potential raw water sources, with the results 
summarized in Table 5.  Bromide in the raw water provides an indication of potential bromate 
disinfection byproduct formation when ozone is used as the disinfectant.  Even though ozone is 
not being proposed as part of the disinfection process a sample was taken for completeness as 
bromate is regulated under the disinfection by product rules (D/DBPR), and the information 
could be useful in the future, if disinfection process modifications are considered.  Bromate 
formation upon ozonation depends not only on bromide concentration in the water, but also on 
initial ozone dose, ozone demand, pH, etc.  The sample results indicate that bromate formation 
upon ozonation is expected to be minimal based on the non-detect bromide concentrations found 
in the samples collected as part of the RWSP (below the reporting limit for all locations).  

Table 5 
Bromide Concentration 

Raw Water Source Bromide Concentration 
(mg/L)

Reporting Limit 
(mg/L)

Camp Far West Turnout ND 0.10 

Combie Ophir Canal Turnout ND 0.10 

Whiskey Diggins Canal Turnout ND 0.10 

Coon Creek ND 0.10 

3.1.5. UV Transmittance 

Ultraviolet (UV) transmittance (UVT) data aid in defining the estimated UV dose required for 
disinfection of Giardia and Cryptosporidium.  UVT is an important parameter because it 
measures the amount of UV light absorbed by the water itself, rendering it unavailable to 
inactivate microorganisms.  When more UV light is absorbed by the water (as indicated by a 
lower UVT), more lamps and power are needed to meet a specific UV dose.  Normal UVT for 
drinking waters range from 75-95 percent, with the higher values indicating a lower applied UV 
dose requirement.  Table 6 provides the UVT values for the subject raw water sources.   

Table 6 
UV Transmittance 

Raw Water Source UV Transmittance (%) (a)

Camp Far West Turnout 82 

Combie Ophir Canal Turnout 82 

Whiskey Diggins Canal Turnout 87 

Coon Creek 83 

(a) UV Transmittance from raw water samples; filtered water UV transmittance will be higher 
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TOC plays a significant role in the UVT value since higher concentrations of TOC tend to absorb 
the UV light.  Pretreatment and filtration will reduce the TOC of the raw water, which increases 
the UVT.  As a result, with the UV disinfection system placed downstream of the filters, it can be 
expected that the UVT seen in the raw water data in Table 6 will likely improve and approach or 
exceed 90%, thus reducing the UV dose requirement (i.e. lamps, power). 

3.1.6. Algae  

NID has indicated that Combie Reservoir has exhibited elevated algae levels during the summer 
2008.  Historically NID controls algal growth in the canal system, but has never experienced the 
elevated levels of algae observed in Combie Reservoir during that summer.  The sampling 
program included limited algae analyses from each raw water source being considered over the 
warm summer months.  Samples were analyzed for common algal species found in drinking 
water sources.  Algae sample results are provided in Table 7. 

Table 7 
Algae Results

Raw Water Source 7/9/08 9/4/08

Camp Far West Turnout Absent Absent 

Combie Ophir Canal Turnout Absent Absent 

Whiskey Diggins Canal Turnout Absent Absent 

Coon Creek Absent Present (Chlorella) 

Algae sample results indicated absent in all but one sample (9/4/08 Coon Creek).  This positive 
result showed a very small amount of Chlorella, which is a single celled green algae.  Higher 
algae concentrations were expected; however, based on these data, algae is not expected to be a 
cause for concern as it relates to treated water quality (primarily taste and odor).  It is 
recommended that NID continue to perform seasonal algae sampling, especially at Combie 
Reservoir, to confirm whether or not there is an increasing trend in algae concentrations. 

3.1.7. General Water Quality 

Summary water quality data for assessing general water quality is presented in Table 2.  Data 
from rainfall event monitoring is provided in Table 3.   

All of the potential source waters show a relatively low turbidity and total suspended solids, even 
during rainfall events.  Although turbidity spikes have been known to occur within the watershed, 
none were seen during the sampling period.  It is expected that turbidity spikes will be as high as 
200 NTU at times.  The proposed conventional water treatment process, with optimized 
coagulation, will effectively treat turbidities in excess of those anticipated from the water 
sources.  The addition of raw water storage upstream of the WTP will attenuate rapid changes in 
raw water turbidity (as well as other constituents) benefitting the treatment process. 

TOC concentrations ranged from 2.0-3.8 mg/L on average during normal sampling events.  The 
three rainfall events showed average TOC concentrations in the range of 2.1-5.8 mg/L.  The 
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Combie Ophir 1 turnout produced the lowest TOC concentrations.  Based on the water quality 
and the requirements of the Stage 2 D/DBPR, the NID WTP would be required to remove 35% of 
the raw water TOC by enhanced coagulation for the Camp Far West and Whiskey Diggins 
Canals.  The Combie Ophir 1 supply would require no further TOC reduction.  It is anticipated 
with the proposed disinfection strategy (UV disinfection with chlorination), the distribution 
system served by the new WTP will have no issues meeting the disinfection by product MCLs of 
80 ��g/L for THMs and 60 ��g/L for HAA5s. 

The alkalinity, hardness, and specific conductivity of the potential sources are all relatively low.  
The lowest of which is the anticipated Phase 1 raw water supply, Combie Ophir 1 turnout.  Based 
on this, the alkalinity will need to be adjusted in the treatment process to optimize coagulation 
and TOC removal.  

3.1.8. California Title 22 

All potential raw water sources were also analyzed for constituents defined in California’s Title 
22 Chapter 15 Domestic Water Quality and Monitoring.  Each source was sampled for Title 22 
constituents once during the 12-month monitoring period.  Title 22 establishes maximum 
contaminant levels (MCLs) for all regulated constituents, consisting of primary inorganics and 
metals, perchlorate, nitrite and nitrate, secondary contaminants, radionuclides, volatile organic 
chemicals (VOCs) and synthetic organic chemicals (SOCs).  Samples were taken on March 6, 
2008 at Camp Far West and Combie Ophir 1 turnouts and May 5, 2008 at Whiskey Diggins and 
Coon Creek.  The laboratory reports for each of these sampling events are provided in Appendix 
B of this TM. 

Inorganic Chemicals 

Inorganic chemical MCLs are defined in Section 64431 of Title 22.  The list includes heavy 
metals along with nitrate and nitrite, perchlorate, and asbestos as shown in Table 64431-A of 
Title 22.

Table 8 provides a list of regulated inorganic chemicals, their associated MCLs and the 
monitoring results for the potential raw water sources.  All potential water supplies currently 
comply with the inorganic chemical MCLs. 

Radioactivity

Regulated radionuclides in drinking water include radium-226 and radium-228, gross alpha 
particle activity, and uranium as defined in Table 64442 of Title 22.   

Table 9 provides a list of radionuclides, their associated MCLs and the monitoring results for the 
potential raw water sources.  All potential water supplies currently comply with the radioactivity 
MCLs.
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Organic Chemicals 

Volatile and synthetic organic chemical (VOC and SOC) MCLs are defined in Section 64444 of 
Title 22.  There are a total of 27 VOCs with primary MCLs (Table 64444-A) and 33 SOCs with 
primary MCLs (Table 64444-A).   

The presence of VOCs is generally a sign of industrial contamination and is typically not 
detected in surface waters.  SOCs are man-made compounds that are used in a variety of 
industrial and agricultural applications.  The water quality monitoring showed non-detect 
amounts of all regulated VOCs and SOCs. 

Table 8
Inorganic Chemicals 

Primary Water Supply Back-Up Water Supply 

Water Quality Parameter 
MCL,
mg/L Camp

Far West 
Combie
Ophir

Coon
Creek Whiskey Diggins 

Aluminum 1. 0.120 0.350 ND 0.340 

Antimony 0.006 ND ND ND ND 

Arsenic 0.010 ND ND ND ND 

Asbestos 7 MFL <0.99 <0.99 <0.20 <0.99 

Barium 1. ND ND ND ND 

Beryllium 0.004 ND ND ND ND 

Cadmium 0.005 ND ND ND ND 

Chromium 0.05 ND ND ND ND 

Cyanide 0.15 ND ND ND ND 

Fluoride 2.0 ND ND ND ND 

Mercury 0.002 ND ND ND ND 

Nickel 0.1 ND ND ND ND 

Nitrate (as NO3) 45. 6.5 ND 3.7 ND 

Nitrate+Nitrate (sum as 
nitrogen) 10. 1.5 ND 0.8 ND 

Nitrite (as nitrogen) 1. ND ND ND ND 

Perchlorate 0.006 ND ND ND ND 

Selenium 0.05 ND ND ND ND 

Thallium 0.002 ND ND ND ND 
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Table 9 
Radionuclides

Secondary Drinking Water Standards 

Secondary drinking water constituents and MCLs are defined in Title 22 Section 64449 and are 
more aesthetic in nature rather than having negative acute and chronic health effects.  Table 10 
provides a list of secondary water quality parameters, their associated MCLs and the monitoring 
results for the potential raw water sources. 

The data from the sampling program is based on untreated raw water.  The secondary standards 
are based on treated water quality; that is delivered to the distribution system.  The results from 
the single Title 22 sampling event showed the aluminum secondary standard (MCL 0.2 mg/L) 
being exceeded at the Combie Ophir 1 Canal site (0.350 mg/L) and the Whiskey Diggins site 
(0.340 mg/L).  The iron secondary MCL (0.3 mg/L) was exceeded at Combie Ophir 1 (0.310 
mg/L) and the Whiskey Diggins backup supply sample point (0.770 mg/L).  The results from the 
single Title 22 sampling event performed for aluminum and iron as part of the Project should be 
verified by follow up sampling, and does not reflect historical water quality results from the same 
source, and is likely that they are an anomaly compared to what would be expected in the surface 
water supplied from Combie Reservoir. 

Title 22 requires water systems using surface water to monitor treated water effluent annually for 
the secondary constituents.  If the MCL is exceeded, then quarterly monitoring must begin, with 
compliance based on the running annual average of four quarterly samples.  If after one year of 
quarterly monitoring the results show compliance with the MCL, then reduced monitoring would 
be reinstated.  Based on data provided by NID on treated water from the LOP WTP (2005-2007) 
showing compliance with all secondary MCLs, it is expected that, with the similar water source, 
all existing secondary standards are likely to be met at the new WTP. 

Some removal of aluminum and iron during the water treatment process can be expected.  
Aluminum and iron precipitates are commonly removed in the coagulation and filtration 
processes.  Soluble aluminum can be also be removed to extremely low levels by treatment 
devices such as distillation and reverse osmosis; however, those processes are not recommended. 

Primary Water Supply Back-Up Water Supply 

Water Quality Parameter MCL,
pCi/L Camp

Far West 
Combie
Ophir

Coon
Creek 

Whiskey Diggins 

Gross Alpha 15 0.0790±0
.612

0.489±0.
672

0.000±0
.498 0.000±0.426 

Radium-226 5 0.000±0.
233

0.000±0.
214

0.000±0
.193 0.000±0.158 

Radium-228 2 0.000±0.
650

0.211±0.
723

0.0113±
0.623 0.0113±0.589 

Uranium 20 0.151±0.
305

0.000±0.
409

0.279±0
.282 0.279±0.160 
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It should also be recognized that some of the regulated constituents could have a potential impact 
on the treated water quality at the Lincoln Wastewater Treatment and Reclamation Facility 
(LWTRF).  Of particular concern to the LWTRF’s discharge requirements are TDS and specific 
conductance.  The TDS found in the potential points of supply for the Project range from 41-110 
mg/L, while the specific conductance ranges from 65-200 µS/cm.  This compares to the City of 
Lincoln’s current groundwater supply which has TDS and specific conductance values ranging 
from 230-330 mg/L and 270-480 µS/cm, respectively (2008 City of Lincoln Annual Water 
Quality Report).  Based on this, it is expected that the new surface water supply will provide a 
much better water quality with respect to these two constituents than the current groundwater 
source.

Table 10 
Secondary Standards 

Primary Water Supply Back-Up Water Supply 

Water Quality Parameter 
MCL,
mg/L Camp

Far West 
Combie
Ophir

Coon
Creek Whiskey Diggins 

Aluminum 0.2 0.120 0.350 ND 0.340

Color 15 units 5 5 ND ND 

Copper 1.0 ND ND ND ND 

Foaming Agents (MBAS) 0.5 ND ND ND ND 

Iron 0.3 0.270 0.310 0.150 0.770

Manganese 0.05 0.018 0.019 ND 0.030 

MTBE 0.005 ND ND ND ND 

Odor – Threshold 3 units 1 ND ND ND 

Silver 0.1 ND ND ND ND 

Turbidity 5 units 2.6 6.4 2.4 8.4 

Zinc 5.0 ND ND ND ND 

TDS 500 110 41 68 46 

Specific Conductance, µS/cm 900 200 65 120 80 

Chloride 250 11 2.6 9.5 6.2 

Sulfate 250 9.5 3.7 5.2 3.5 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

Conclusions and recommendations resulting from the water quality sampling program are 
summarized below. 

4.1. CONCLUSIONS

The water quality at the four potential diversion points for the project is very typical of surface 
water in the Sierra Foothills and similar to other NID facilities, specifically LOP WTP.  Based on 
the data from the water quality sampling program, all potential sources meet the primary drinking 
water standards as defined in California’s Title 22 Chapter 15 Domestic Water Quality and 
Monitoring.  Each source was sampled for Title 22 constituents once during the 12-month 
monitoring period for all regulated constituents.   

The lab results for the Title 22 secondary standards showed the aluminum secondary standard 
(MCL 0.2 mg/L) being exceeded at the Combie Ophir 1 Canal site (0.350 mg/L) and the 
Whiskey Diggins site (0.340 mg/L) and also the iron secondary MCL (0.3 mg/L) at Combie 
Ophir 1 (0.310 mg/L) and the Whiskey Diggins backup supply sample point (0.770 mg/L).  The 
data from the sampling program is based on untreated raw water.  The secondary standards are 
based on treated water quality that is delivered to the distribution system.  It is important to 
realize that this data represents a single sample of untreated raw water and further sampling is 
necessary over time to improve the confidence level in the consistency of the results. 

Based on the water quality sampling program data, the Combie Ophir I Canal turnout presents 
the highest water quality from the perspective of inorganic, organic, and biological constituents.  
Although, all potential raw water supplies present water quality that is easily treatable using 
conventional water treatment as proposed in the Water Treatment Process and Screening TM.  
Alternatively, membrane filtration would also treat the potential sources effectively. 

4.2. RECOMMENDATIONS

The preliminary design of the water treatment plant for the Project is based on the water quality 
data collected during the sampling program, along with additional data provided by NID on LOP 
and the Camp Far West canal turnout.  However, it is recommended that additional data be 
collected between now and final design of the WTP in coordination with the CDPH.  
Recommendations include: 

�ƒ Further Title 22 analysis on the potential primary raw water source(s) including the 
Combie Ophir 1 and Camp Far West Canals, as well as the proposed backup supply 
annually; 

�ƒ Begin monthly source water testing of the proposed raw water source(s), including the 
backup supply, 2 years prior to starting final design for total and fecal coliform as well 
as E. Coli. to further characterize the water and potential changes in the watershed; 

�ƒ Begin the required LT2ESWTR monitoring for Cryptosporidium in the proposed raw 
water source(s), including the backup supply, one year prior to starting final design; 
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�ƒ Continue biannual algae sampling of Combie Reservoir to gain a better understanding 
of potential algal blooms (this data would also benefit the Lake of the Pines WTP); 

�ƒ Coordinate sampling efforts with CDPH and monitor upcoming regulations and adjust 
the sampling plan accordingly; 

�ƒ Submit data to the CDPH for use in obtaining the Water Supply Permit and continued 
guidance from CDPH; 

�ƒ Utilize the additional water quality information during the final design of the WTP 
facilities.
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Water Analysis Data 
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Lake of the Pines – Treated Water Data 

















Attachment B 

Lake of the Pines – Raw Water Data 



Date
Total

Coliform
E Coli Date

Total
Coliform

E Coli Date
Total

Coliform
E Coli

8/5/2001 1986.3 52.8 4/7/2005 816.4 579.4 12/16/2007 88.6 21.3
9/2/2001 1553.1 13.4 5/12/2005 68.1 7.4 1/15/2008 261.3 38.8

10/7/2001 456.9 14.6 6/2/2005 866.4 488.4 1/27/2008 101.4 61.3
11/4/2001 185 12.2 7/7/2005 980.4 52.1 2/3/2008 307.6 178.5
12/9/2001 259.5 30.9 8/4/2005 1046.2 115.3 2/17/2008 142.1 127.4

1/6/2002 235.9 22.6 9/1/2005 866.4 98.8 3/2/2008 275.5 186
2/4/2002 131.3 41 10/15/2005 >2419.2 74.3 3/16/2008 146.7 46.4
3/3/2002 142.1 14.6 11/3/2005 524.7 39.3 4/9/2008 41.3 12.1
4/7/2002 71.2 7.4 12/1/2005 435.2 38.4 4/22/2008 387.3 198.9
5/6/2002 261.3 114.5 1/5/2006 920.8 84.2 5/7/2008 84.2 7.4
6/2/2002 365.4 26.9 2/2/2006 593.8 325.5 5/26/2008 191.8 36.4
7/8/2002 1412.6 38.4 3/4/2006 156.5 46.4
8/6/2002 >2419.2 17.3 4/2/2006 1986.3 152.3
9/1/2002 686.7 9.7 5/4/2006 248.9 30.9

10/6/2002 686.7 12 6/2/2006 166.4 22.8
11/5/2002 185 16.1 7/6/2006 727 26.5
12/1/2002 150 88.2 8/4/2006 770.1 24.6

1/5/2003 118.7 25.6 9/16/2006 1732.9 15.5
2/2/2003 90.6 16.1 10/5/2006 1046.2 69.7
3/2/2003 80.9 30.9 11/2/2006 224.7 35.5
4/6/2003 113.9 18.7 12/3/2006 122.3 24.3
5/4/2003 10.9 6.3 1/8/2007 115.3 31.3
6/1/2003 920.8 151.5 1/27/2007 172.3 108.1
7/8/2003 360.9 21.6 2/1/2007 62.4 43.2
8/4/2003 1553.1 38.4 2/15/2007 204.6 133.3
9/7/2003 1119.9 18.9 3/1/2007 325.5 148.3

10/5/2003 686.7 27.8 3/18/2007 38.8 19.5
11/2/2003 135.4 6.3 4/14/2007 344.8 83.6

12/11/2003 2419.2 46.2 4/26/2007 122.3 69.1
1/4/2004 1732.9 378.4 5/3/2007 143 11.1
2/5/2004 231 193.5 5/17/2007 222.4 21.8
3/5/2004 155.3 42.6 6/10/2007 816.4 47.1
4/8/2004 166.4 53.7 6/28/2007 1732.9 56.3
5/6/2004 387.3 30.1 7/6/2007 1203.3 108.6
6/3/2004 920.8 26.5 7/15/2007 >2419.2 74.9
7/1/2004 1299.7 30.5 8/9/2007 1203.3 44.8
8/5/2004 1046.2 31.3 8/18/2007 2419.2 23.1
9/2/2004 1732.9 6.3 9/2/2007 980.4 31.8

10/7/2004 648.8 22.8 9/22/2007 325.5 6.3
11/4/2004 461.1 33.5 10/14/2007 517.2 61.3
12/9/2004 1553.1 547.5 10/21/2007 1046.2 272.3

1/2/2005 866.4 280.9 11/11/2007 145 79.4
2/3/2005 1986.3 1299.7 11/18/2007 114.5 5.2

3/6/2005 1986.3 1413.6 12/9/2007 198.9 33.2

MPN/100 mLMPN/100 mL

Lake of the Pines Raw Water Bacteriological Sampling

MPN/100 mL



Attachment C 

Magnolia 3 Reservoir – Raw Water Data 
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Results of Analysis 



Attachment A 

Monthly Results 





















































































































































































































































































Attachment B 

Giardia-Crypto Results 



















Attachment C 

THM Results 































Attachment D 

Algae Results 







Attachment E 

UV-Bromide Results 











Attachment F 

Title 22 – March Results 







































































































Attachment G 

Title 22 – May Results 


























































































































































