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1. INTRODUCTION -  

This report describes an evaluation of the synthesis of an ion exchange (IX) process for 
perchlorate treatment in drinking water, regeneration of spent IX resin for re-use, and 
destruction of perchlorate in the spent regeneration fluid to create an integrated IX (IIX) 
regeneration process. The demonstration site was at an operating municipal water 
treatment plant, Fontana Water Company (FWC), in Fontana, a city located in the Inland 
Empire region of southern California. The project was conducted by ARCADIS as prime 
contractor (contract #W912HQ-06-C-004), with Calgon Carbon Corporation (Calgon) 
and Oak Ridge National Laboratory (ORNL) as partners (hereafter referred to as the 
Project Team). Funding and oversight were provided by the Environmental Security 
Technology Certification Program (ESTCP) and the Naval Facilities Engineering 
Services Center (NFESC). The project was funded under a special congressionally 
directed program to ESTCP for wellhead perchlorate treatment. This work was contracted 
through the Corps of Engineers in Alexandria, Virginia, and overseen by the NFESC. The 
program involved field activities at a municipal water treatment facility and at a Calgon 
facility. The format of this demonstration plan followed “Final Report Guidance; 
Environmental Restoration Projects,” issued by ESTCP in March 2008. 

1.1 BACKGROUND 

Perchlorate is an issue in drinking water because of its high solubility and mobility, 
known effects on thyroid hormone production, and treatment cost. The need for 
perchlorate treatment is nationwide and especially acute in the southwestern United 
States (U.S.), including the southern California Inland Empire region. Throughout the 
U.S., state standards or advisory levels are still evolving and currently range from 1 to 18 
micrograms per liter (µg/L). The need for cost-effective treatment is especially pressing 
in the Inland Empire; a two-county region composed of San Bernardino and Riverside 
counties, whose population of 3.4 million is larger than those of many states (Mecula, 
2003). The Inland Empire is California’s fastest growing area and has a rapidly 
increasing demand for water. The area’s perchlorate plume is at least six miles long and 
impacts four towns’ water supplies, resulting in impairment of 61,790 acre-feet per year 
(76,187,070 cubic meters per year) of potable water.  
 
IX and biological reduction are to date the only technologies that have been successfully 
and widely commercialized to treat perchlorate in water. IX is the only perchlorate 
treatment technology fully approved by the California Department of Public Health 
(DPH) for drinking water treatment applications. Biological reduction of perchlorate 
using a fluidized bed bioreactor has been conditionally approved by the DPH for drinking 
water treatment. The following main process options have been developed for perchlorate 
IX: 
 

• Non-selective, single-use IX followed by resin disposal or incineration 

• Non-selective IX followed by resin regeneration using sodium chloride 
(NaCl) brine (e.g., Calgon Ion Separator (ISEP) System) 
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• Perchlorate-selective (for nitrate and perchlorate over sulfate and other 
anions), single-use IX followed by resin disposal or destruction 

• Perchlorate-selective (for nitrate and perchlorate over sulfate and other 
anions) IX followed by resin regeneration using tetrachloroferrate, which is 
the subject of this demonstration project 

Table 1-1 provides information on types of IX resins used in perchlorate treatment. Since 
free chlorine damages IX resins, IX occurs before chlorination or after a chlorine 
scavenger such as activated carbon. Currently, commercially available IX approaches, 
using non-selective resins, single-use resins and those involving regeneration using 
sodium chloride (NaCl) brines, have three serious drawbacks. First, non-selective anion-
exchange resins are inefficient in removing dissolved perchlorate (ClO4

-) because they 
also remove other major anions, such as NO3

-, HCO3
- and SO4

2- that compete for IX sites. 
Because the concentrations of these competing anions are generally 3 to 5 orders of 
magnitude higher than that of ClO4

- in contaminated water, less than 0.5 percent of the 
exchange sites in a resin bed are typically utilized for ClO4

- removal at breakthrough 
(Brown et al., 2000; Gu et al., 2000a; Tripp and Clifford, 2000). In other words, the resin 
is significantly underutilized, and > 99.5 percent of the exchange sites contain the 
competing anions that may not require treatment. The resin thus requires frequent 
regeneration for reuse, or replacement (single-use resins) because of the limited 
perchlorate exchange capacity. In addition, the unnecessary exchange of some ions 
changes the general water chemistry and can potentially cause exceedance of secondary 
water quality standards (e.g., chloride or nitrate). 
 
Secondly, although nitrate-selective resins are also ClO4

- selective and have minimal 
adverse impacts to water quality (Urbansky, 1998; Gu et al., 2002b), the unusually high 
affinity for ClO4

- with these resins makes regeneration using conventional NaCl brine 
extremely difficult and costly (Batista et al., 2000; Brown et al., 2000; Tripp and Clifford, 
2000). For example, Tripp and Clifford reported that, even with relatively non-selective 
resins using counter-flow brine regeneration, a large excess of NaCl is required. With 
relatively selective anion exchange resins, many bed volumes (BVs) of 12 percent (by 
weight) NaCl are able to remove only ~6 percent (by weight) of the sorbed ClO4

- from 
the resin, and heating of the regenerant solution provided only limited improvement. 
Lastly, spent anion exchange regeneration brines or single-use resins create additional 
expense and environmental liability with disposal.  
 
Single-use perchlorate-selective IX is currently the most commonly used perchlorate 
treatment technology because of the challenges identified above. This technology does 
not require disposing of spent regenerant solution, which reduces environmental liability. 
Spent resin is most often incinerated, which results in the destruction of the captured 
perchlorate-also reducing environmental liability. Finally, perchlorate capacity of newer 
selective resins has increased significantly, while costs of these newer resins have 
significantly fallen resulting in more cost-effective perchlorate treatment in recent years. 
 
Biological treatment, such as the fluidized bed bioreactor, can be a cost-effective 
treatment technology that is particularly suitable for treatment of high concentrations of 
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ClO4
- in groundwater. However, the method can be ineffective or very costly for 

treatment of large plumes with low perchlorate concentrations (i.e., < 100 µg/L ClO4
-) or 

in drinking water applications because of the highly reducing environment that is 
required for biodegradation of ClO4

- to occur, along with the negative public perception 
that can accompany biological treatment. The greatest challenge is the requirement for 
large amounts of electron donors (carbon source) and occasionally additional electron 
acceptors may be required to sustain enough biomass and to create continuous reducing 
conditions at high flow rates. Many groundwater constituents such as dissolved oxygen 
(DO) and NO3

- are also known to be preferred electron acceptors in biological reduction, 
and they must be reduced before or during the reduction of ClO4

-. Adding excess electron 
donor, if not carefully managed, can create sulfate reducing conditions, which may result 
in taste and odor problems. Furthermore, post-treatment is required for drinking water 
treatment because of concerns regarding the potential presence of pathogens and the need 
to re-oxygenate the treated water, (biodegradation as a treatment mechanism has rarely 
been accepted for drinking water by the regulatory community in the U.S.). (We note 
however that biological processes no doubt occur in some U.S. drinking water systems, 
e.g., biofilm growth in distribution systems and biologically active filtration media.) 
Biological treatment technologies are more commonly used in drinking water 
applications in Europe. 
 

Table 1-1. IX Resin Types, Functional Groups, Capacity, and Treatment Costs1 

Treatment Cost 
Generic Resin Name Functional 

Group Capacity (BVs) ($/Acre-
foot) 

($/1,000-
gal) 

Existing Commercial Technology: NaCl Regenerable via Ion Separation 
Exchange Process (ISEP) Technology 

 

Strong Base Anion 
(SBA) Acrylic (ISEP) Trimethyl 300 $140 $0.43 

SBA Acrylic (ISEP+) Trimethyl 300 $130 $0.40 
Existing Commercial Technology: Single Use  
SBA Macroporous Trimethyl 16,000 $299 $0.92 
Nitrate Selective Triethyl 52,000 $168 $0.52 
Perchlorate Selective Triethyl/Trihexyl 100,000 $142 $0.44 
Innovative Technology: FeCl3/HCl Regenerable Resins 
Nitrate Selective w/ 
ORNL Regeneration and 
Destruction 

Triethyl 52,000 $101 $0.31 

Perchlorate-Selective w/ 
ORNL Regeneration and 
Destruction 

Triethyl/Trihexyl 100,000 $72 $0.22 

                                                 
 
1 Based on Calgon pricing tool. 
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ARCADIS, Calgon, and ORNL demonstrated an IIX  process for perchlorate in drinking 
water that integrates  perchlorate removal via IX resin, regeneration and re-use of the 
resin, and destruction of the recovered perchlorate in the regenerant solution. This 
integrated process uses a resin regeneration and a perchlorate destruction cycle that 
reconstitutes the regenerant solution. The work built upon three (3) ORNL-developed, 
award-winning (R&D 100 award, 2004) processes: (1) highly-selective bi-functional 
resin (a macroporous polystyrene divinylbenzene SBA with two (2) quaternary 
ammonium functional groups), (2) novel ferric chloride-hydrochloric acid (FeCl3-HCl) 
resin regeneration, and (3) perchlorate destruction process for the regenerant solution and 
subsequent regenerant recycling. Thus, both the resin and the regenerant solution can be 
reused. This process dramatically reduces production of secondary waste streams, 
reduces the raw materials requirement for single-use replacement resin, and, at full-scale, 
is expected to result in a cost savings as compared with conventional single-use IX resins. 
The treatment system used here was customized specifically for drinking water treatment.  
 
This IIX technology, subject of this report, addresses weaknesses associated with 
conventional IX systems, including the following: 
 

• Generation of Large Volume of Residual Waste Streams: Either the entire 
resin volume or a substantial volume (typically 1 to 5 percent of the total 
treated water volume) of perchlorate-contaminated brine must be disposed of 
as a waste stream. Spent (“used” or “exhausted”) resin is typically disposed of 
off-site by incineration or fuel blending. Some, but not all system 
owners/operators also consider landfilling as a disposal option for resins. 
Regenerant brine is either discharged to an approved waste discharge pipeline, 
disposed of off-site, biologically treated, or recycled after chemical reduction 
with heat and ammonia, depending on site conditions. Note, however, that 
brine discharge options are not available at most sites and that the biological 
and chemical reduction processes have not been commercialized. The process 
demonstrated under this project, upon full development, is expected to reduce 
by a factor of 2,500 the volume of regenerant solution requiring disposal. 

• Leaching of N-Nitrosamines: Possible leaching of N-nitrosodimethylamine 
(NDMA), N-nitrosodiethylamine (NDEA), or their precursors from IX resins 
into the treated water. Precursors derived from IX as well as other organics 
present in the water, unrelated to IX, can be converted to NDMA/NDEA by 
post-chlorination (Mitch et al., 2003) when using IX resins. The majority of 
NDMA generation is attributable to the manufacturing process, so resin reuse 
is expected to reduce generation. Moreover, bi-functional resin uses a 
combination of triethyl- and trihexylammonium functional groups that are 
structurally unlikely to leach NDMA (Mitch et al., 2003). NDEA formation is 
considered to be a possibility with triethyl- functionalized resins (Najm and 
Rhodes, 2000). N-nitrosodi-n-propylamine (NDPA) was also evaluated, 
because the California DPH has established notification levels of 10 
nanograms per liter (ng/L) for all three of these related compounds. 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 4 April 2010 



• Concentration of Radioactive Compounds: Uranium (as uranyl carbonates) 
is captured and concentrated in anion IX systems. Uranium is responsible for 
approximately 80 percent of the aqueous gross alpha radiation in most 
drinking water supplies. However, bi-functional resins are less sensitive than 
many other resins to uranium accumulation because they are designed to 
reject multi-charged anions such as sulfate and uranyl carbonates that have 
relatively high hydration energy (Department of Toxic Substance Control 
[DTSC], 2004; Nyer et al., 2001; Gu et al., 2005.) More importantly, the 
captured uranium on bi-functional resin can be easily rinsed off with a dilute 
acid prior to the regeneration and reuse of the spent resin (Gu et al., 2005). 
Finally, uranium accumulation in the regenerant stream can be managed 
through a small percentage purge. 

1.2 OBJECTIVE OF THE DEMONSTRATION 

The general objective of the project is to demonstrate a reliable, more cost-effective 
method of treating low concentration perchlorate in drinking water supplies. The 
demonstration was performed at a scale that is sufficient to allow cost estimates for full-
scale applications. 
 
The Project Team demonstrated a system that represents the first integration of the three 
elements of regenerable IX perchlorate drinking water treatment: 
 
1. Regenerable perchlorate-selective resins 

2. Ferric chloride/hydrochloric acid regeneration 

3. Perchlorate destruction and regenerant recycling 

Specific technical objectives of the project were to: 
 

• Assess water treatment performance at 150 gallons per minute (GPM) (9.4 x 
10-3 cubic meters per second [m3/s]) for approximately one year at an existing 
drinking water supply treatment facility 

• Demonstrate that the IX system using resin regenerated resin with this process 
can reliably meet perchlorate drinking water treatment standards 

• Evaluate other species that could potentially be affected by the resin and/or 
regeneration including nitrate, metals, NDMA, NDEA, NDPA, and uranium 

• Quantify time to saturation/resin breakthrough over several regeneration and 
reuse cycles 

• Verify key performance parameters of the regeneration unit process; for 
example, that the entire volume of regenerant solution used in regeneration 
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does not need to be treated in the perchlorate destruction module during each 
regeneration cycle 

• Measure the rate of accumulation of impurities such as other anions, hardness, 
organic matter, uranium (if present), and particulate matter in the regenerant 
solution, to determine a purge rate necessary to control impurity accumulation 

• Verify key performance parameters of the perchlorate destruction/regenerant 
recycling process at the 1 gallon per hour (GPH) (3.78 L/hr) scale. This 
includes 95 percent perchlorate destruction in the presence of impurities 
typical of an actual potable water supply 

• Since the planned operations scale represents a 400-fold increase over a 
bench-scale perchlorate destruction unit used previously (Gu et al., 2003a), 
assess scaling parameters to support design and economic analysis for future 
scale-up to a regional-scale destruction facility 

 
The first element of the technology, perchlorate removal from drinking water using the 
highly-selective bi-functional IX resin (D-3696, now known as Purolite A-530E), was 
demonstrated at an operating municipal water treatment plant in Fontana, California. The 
IX vessel is at minimum scale (20 ft3 [0.57 m3] of resin), but was tested at a higher ratio 
of flow-rate-to-bed-volume than would normally be used at full-scale, in order to saturate 
the resin in a reasonable timeframe for the demonstration. Given the relatively short mass 
transfer zone of IX, the increased flow rate was not expected to affect system 
performance. The resin regeneration and perchlorate destruction elements of the 
technology then took place at a Calgon facility in Pittsburgh, Pennsylvania. The 
regenerated resin was then re-used in FWC. The cycle of IX/resin 
regeneration/perchlorate destruction was repeated three times during the demonstration. 
 
Influent perchlorate concentrations at the FWC site have historically been in the range of 
7 to 24 µg/L. IX is a mature and well developed technology that is known to be effective 
in removing perchlorate to below 4 µg/L (Batista et al., 2000; Gu et al., 2000a; Gu et al., 
2002a); selective resins, including the type used in this demonstration, are able to achieve 
perchlorate effluent concentrations below 1 µg/L. 

1.3 REGULATORY DRIVERS 

Throughout the United States., perchlorate standards or advisory levels are still evolving 
(https://www.denix.osd.mil/portal/page/portal/denix/environment/MERIT/EC/ECAL/Per
chlorate/StatesReg) and currently range from 1 to 18 µg/L. DPH established a 
notification level (NL) (formerly referred to as an action level) for perchlorate of 6 µg/L. 
This NL was based on the public health goal (PHG) for perchlorate as determined by the 
California Office of Environmental Health Hazard Assessment (OEHHA). The PHG is 
the concentration of a substance that is considered not to pose a significant health risk, 
which OEHHA established as 6 µg/L for perchlorate in March 2004. OEHHA later 
reviewed the National Academy of Sciences’ (NAS) report on perchlorate (NAS 2005), 
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and determined that no revision to the PHG was required. As required by California 
statute, DPH must establish a maximum contaminant level (MCL) for drinking water as 
close to the PHG as technically and economically feasible. In August 2006, the DPH 
proposed a MCL for perchlorate in drinking water of 6 µg/L, which became the MCL on 
October 18, 2007.  
 
No enforceable federal standard has been established. However, the United States 
Environmental Protection Agency (EPA) established an official reference dose (RfD) of 
0.0007 mg/kg/day of perchlorate in February 2005. This level is consistent with the 
recommended RfD included in the NAS report (NAS 2005). An RfD is a scientific 
estimate of a daily exposure level that is not expected to cause adverse health effects in 
humans. EPA's new RfD translates to a Drinking Water Equivalent Level (DWEL) of 
24.5 µg/L. A DWEL, which assumes that all of a contaminant comes from drinking 
water, is the concentration of a contaminant in drinking water that will have no adverse 
effect with a margin of safety. In practice many water purveyors are conservative and 
consider treatment whenever perchlorate is found even if only a tentative detection (J-
value). 
 
A prepublication version of the EPA’s preliminary determination that setting a national 
drinking water standard for perchlorate is not justified under terms of the Safe Drinking 
Water Act (SDWA) was released on October 10, 2008. EPA has conducted extensive 
review of scientific data related to the health effects of exposure to perchlorate from 
drinking water and concluded that fewer than 1 percent of drinking water systems have 
perchlorate levels above the health reference level (HRL), and perchlorate was not at 
levels of public health concern. EPA derived a perchlorate HRL of 15 µg/L for pregnant 
women and other sub-populations, including fetuses. In January 2009 EPA issued an 
interim health advisory for perchlorate in drinking water at 15 µg/L 
(http://www.epa.gov/safewater/contaminants/unregulated/pdfs/healthadvisory_perchlorat
e_interim.pdf), stated that it intends to seek further NAS’ comment, and issue a “final 
regulatory determination as soon as possible”. EPA also addressed the issue of cleanup 
levels: 
 

“How does this decision impact clean up of perchlorate at Superfund sites?  
As a result of the publication of the Interim Health Advisory for perchlorate, the 
Agency is formally withdrawing the January 26, 2006 guidance it issued regarding 
perchlorate and sites addressed under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) and the National Oil and Hazardous 
Substances Contingency Plan (National Contingency Plan or NCP). The January 2006 
guidance recommended that Regions consider using a preliminary remediation goal 
(PRG) of 24.5 ppb (or µg/L). In its place, the Agency now recommends that Regions 
consider using the interim health advisory level of 15 µg/L as a PRG; consistent with 
the NCP, the Agency often considers health advisories as “to be considered” (TBC) 
values for setting cleanup levels. Also, where state regulations establish applicable or 
relevant and appropriate requirements (ARARs) for perchlorate, these standards 
should be used as the cleanup level at Superfund sites, unless the ARAR is waived at 
the site”. http://www.epa.gov/safewater/contaminants/unregulated/perchlorate.html 
#questionsandanswers 
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In addition to the above guidelines, that are used to determine where perchlorate 
treatment is required, the California DPH requires that any treatment technology used in 
drinking water applications must have National Sanitary Foundation (NSF) 61 
certification. 
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2. TECHNOLOGY 

2.1 TECHNOLOGY DESCRIPTION 

A detailed description of the technology, its development and applications, is provided as 
part of Section 2.2. A schematic diagram of the technology is shown in Figure 2-1. 
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 – Motor Operated Valve 

LEGEND 

 
 

Figure 2-1. Process Schematic IX at FWC (Backwash Pump Shown was not 
Installed) 

 
The on-site demonstration system was comprised of a 20-ft3 (0.6 m3) IX vessel, an 
interconnecting piping manifold, process instrumentation (e.g., pressure gauges, flow 
meters), booster pump, automatic backwash pre-filter system, and 20 ft3 (6.8 m3) of 
Purolite A-530E IX resin (Figure 2-1). The off-site regeneration system and perchlorate 
destruction module were fabricated and operated in Calgon’s laboratory in Pittsburgh. 
 
The existing, full-scale system in FWC does not utilize pre-filtration. Particulate 
accumulation at this site is very minimal. However, the demonstration system was 
equipped with an automatic backwash equipped pre-filtration system. This filter, included 
an automatic backwash module that that was activated by differential pressure across the 
filter. The filter was a Tekleen Model LPF4-LP equipped with a Tekleen 
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Model GB6-LPF automatic backwash controller that includes a differential pressure 
indicator and switch to initiate the backwash cycle. The system utilized a 10 micron (3.9 
x 10-4 in) filter screen. 
 
The FWC-17B and FWC-17C wells (or at least one of them) operate a majority of the 
time during summer months. The groundwater pumps are sometimes turned off during 
low-demand times, and the wells are also shut off if high nitrate conditions exist, which 
are monitored with an in-line sensor. Thus, the booster pump shown in Figure 2-1 was 
interlocked with the main well pumps. Anecdotal information suggests that nitrate 
concentrations forced the operators to shut down these wells for extended periods of time 
in the past, but reconfiguring the well packers has mitigated the high nitrate concentration 
shut downs at the time of the demonstration. 
 
The demonstration system operated at a flow rate of approximately 150 GPM (0.6 
m3/min) or one (1) 20-ft3 (0.6 m3) BV per minute during the entire demonstration except 
when resin was being regenerated. To expedite perchlorate loading onto the resin during 
the last treatment cycle, the flow rate was increased to approximately 175 GPM. 
 

2.2 TECHNOLOGY DEVELOPMENT 

General overviews of IX technologies are provided in recent documents by Gu (2006), 
Interstate Technical Regulatory Council (ITRC 2008) and USEPA (2005). A more 
detailed discussion of the development of the perchlorate-selective resins, ferric chloride-
HCl regeneration, perchlorate destruction and regenerant recycling technologies used in 
the FWC demonstration is provided here.  

2.2.1 Development of Perchlorate-Selective IX Resins 

ORNL developed a new class of bi-functional anion exchange resins, licensed to Purolite 
and Thermax, that have been demonstrated to be highly-selective in removing trace 
quantities of ClO4

- to non-detectable levels from contaminated water (Gu et al., 2000a; 
Gu et al., 2002a). The bi-functional anion-exchange resins were originally developed for 
removing a structurally analog to perchlorate, pertechnetate (TcO4

-), a radioactive anion, 
at parts-per-trillion concentrations from contaminated groundwater (Bonnesen et al., 
2000; Brown et al., 2000; Gu et al., 2000a). A field pilot-scale experiment at the U.S. 
Department of Energy’s Paducah Gaseous Diffusion Plant site demonstrated that < 3 
percent breakthrough of TcO4

- was observed after treatment of ~700,000 BVs of 
groundwater at an influent concentration of ~1 µg/L TcO4

- (Gu et al., 2000a).  
 
Perchlorate-selective resins have two quaternary ammonium functional groups, one 
having long chains for higher selectivity and one having shorter chains for improved 
reaction kinetics. Because TcO4

- and ClO4
- are chemically similar, the bi-functional resin 

also selectively captures ClO4
-, leaving competing anions (such as HCO3

-, SO4
2-, and 

NO3
-) in water.  
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The performance of this bi-functional resin in removing ClO4

- has been demonstrated in 
small-scale field experiments at Aerojet and at Edwards Air Force Base (Figure 2-2) (Gu 
et al., 2000a; Gu et al., 2002a). Results indicate that the resin was extremely selective and 
efficient in removing ClO4

-; at an influent concentration of ~50 µg/L, one resin bed was 
able to treat ~100,000 BVs of groundwater before a detectable breakthrough of ClO4

- 
occurred. Similarly, at a higher influent concentration (~250 µg/L) and flow rate of ~150 
GPM (567 L/min), the resin was able to treat ~60,000 BVs of groundwater before a 
significant breakthrough of ClO4

- occurred.  
 

  
 

Figure 2-2. Small-scale ORNL Perchlorate Treatment Systems were Built and 
Demonstrated at Edwards Air Force Base (Gu et al., 2005) 

 
On the basis of these field tests and laboratory results, at influent concentrations of ~20 
µg/L, the resin would be expected to treat ~200,000 BVs of contaminated water before 
regeneration is necessary due to perchlorate saturation, which implies that the resin 
would last approximately 5 months at a flow rate of 1 BV/min. The commercial version 
of this bi-functional resin is being marketed by the Purolite Company as A-530E, and has 
been NSF approved for the treatment of drinking water. Additionally, the presence of co-
contaminants, such as chlorinated organic solvents (e.g., trichloroethene [TCE] and 
tetrachloroethene [PCE]) at concentrations expected at a drinking water treatment facility 
(i.e., less than 10 times the MCL), do not have an adverse affect on IX resins because 
they do not compete for IX sites; however, a separate treatment technology would be 
required for these co-contaminants. A particular advantage of the perchlorate selective 
resin system, in many situations, is that it minimizes changes in water chemistry as 
compared to other IX processes (Gu et al., 2003b; Gu et al., 2001; Smith, 2003). 
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Perchlorate-selective resins have the greatest perchlorate removal capacity, but higher 
resin costs than conventional resins. However, due to their much higher IX capacity for 
perchlorate (generating a much lower volume of solid waste in non-regenerable 
applications), the higher resin cost is offset and overall cost of treatment is significantly 
lower than with conventional- or nitrate-selective resins. Thus perchlorate selective resins 
are widely used in California for drinking water treatment. Perchlorate-selective resins 
are able to achieve perchlorate effluent concentrations below 1 µg/L. Resin 
characteristics, including capacity and cost, are summarized in Table 1-1. 
 
At most full-scale sites, it is anticipated that resin beds will be able to operate at least 1 
year between regenerations, and that the resin will be reusable for six (6) to eight (8) 
regeneration cycles. Therefore, the resin life is likely to be six (6) to eight (8) years of 
active service. Given the urgency of this issue to the Department of Defense (DoD), the 
demonstration was designed to fully assess the system in a short time. Testing was 
conducted using a higher ratio of flow-rate-to-bed-volume than would normally be used 
at full-scale, so that breakthrough would be achieved more rapidly than at full-scale. 
However, the experiment was designed so that even at this higher flow rate, the mass 
transfer zone would still be contained within the resin bed, so that the data obtained 
would be appropriate for scaling. For resin vessel scale-up, the most important factors are 
resin capacity and the length of the mass transfer zone. To ensure proper scaling, we 
monitored the component’s (anion) concentrations in the effluent stream 
(breakthrough/saturation data) from the demonstration bed. From the breakthrough data, 
we were then able to measure the resin capacity and can compute mass transfer zone 
length. 
 

2.2.2 Ferric Chloride-HCl Regeneration of IX Resins  

Unlike strong base anion (SBA) acrylic resin, a perchlorate-selective resin cannot be 
regenerated via NaCl regeneration. The resin’s selectivity is too high to overcome with a 
brine solution, even with hundreds of BVs of regenerant (Batista et al., 2000; Brown et 
al., 2000; Tripp and Clifford, 2000). Novel regeneration technology using FeCl4

- has thus 
been developed at ORNL for regenerating spent perchlorate-selective resins sorbed with 
ClO4

- (Gu et al., 2001; Gu et al., 2002a). Regenerating the selective resins is expected to 
greatly lower their life-cycle costs since both the capital cost of the resin and the disposal 
cost of the spent resin are substantial.  
 
FeCl4

- anions, formed in a solution of ferric chloride (FeCl3) and hydrochloric acid (HCl), 
can effectively displace ClO4

- from spent resins. FeCl4
- is a large, poorly hydrated anion 

similar to perchlorate and thus occupies the same active sites. This process effectively 
replaces perchlorate with chloride and returns the resin to its original state. Both 
laboratory and field-scale demonstration indicate that a nearly 100 percent recovery of 
the IX capacity can be achieved by washing with as little as ~1 BV of the FeCl3-HCl 
solution. Perchlorate is efficiently concentrated into the first 0.5 – 1 BVs of the 
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regenerant solution and reaches a maximum concentration of ~110,000 mg/L (or ~1.1 
M). This is equivalent to a concentration factor of approximately 5 to 6 orders of 
magnitude compared to the initial influent perchlorate concentration in groundwater. This 
efficient concentration factor facilitates cost-effective destruction of the perchlorate. In 
typical groundwater, a single bed of bi-functional perchlorate-selective resin can be 
expected to treat ~100,000 BVs of water. That single BV of resin may require less than 1 
BV of regenerant to be sent to the destruction module. This equates to a 0.001 percent 
waste flow rate as compared to the 0.5 to 2.0 percent common with the ISEP and other 
brine-based systems. 
 
Once ClO4

- anions are displaced from the resin, the sorbed FeCl4
- ions are easily rinsed 

off the resin bed with water because of their unique chemical properties. Once rinsed into 
a water solution with a low chloride concentration, the FeCl4- anions self-dissociate due 
to chemical equilibrium into positively charged species such as FeCl2

+, FeCl2+ , and Fe3+, 
which are repelled or desorbed readily from the resin bed by charge repulsion (since the 
resin is also positively charged). By this reaction, the resin is regenerated to its original 
state, with excess Cl- as the counter anion in the charge balance. When the process is 
properly managed, the rinse water does not contain detectable ClO4

-, and it can be 
disposed of to a publicly owned treatment works (POTW) (demonstrated in the 20-ft3 
scale regeneration tests conducted at Edwards Air Force Base [AFB]) (Gu et al., 2002a; 
Gu et al., 2003b). 
 
Thus, the entire process uses a very small regenerant volume and offers a cost-effective 
means to regenerate these highly-selective anion exchange resins loaded with ClO4

-. 
Additionally, because both FeCl3 and HCl are inexpensive and their use in treatment of 
drinking water is well established, this new methodology should provide an 
environmentally safe, cost-effective means to regenerate these highly-selective, anion 
exchange resins loaded with ClO4

-. Potential problems with iron precipitation are avoided 
because the initial rinses that contain the iron are acidic, while the later rinses are low in 
iron and closer to neutral pH.  
 
This regeneration process is also applicable to any nitrate-selective resins used for 
perchlorate treatment and most perchlorate-selective resins (except Amberlite PWA-2). 
Tests reported by Gu et al. (2001) included both the A-530E/D-3696 bi-functional resin 
and the Purolite A-520E mono-functional anion exchange resin that has 
triethylammonium exchange sites. Tests have also been conducted on Purolite A-500 
(Gu, 2006a). Based on theory, this process should be applicable to a wide range of resins. 
 
Bench-scale results have demonstrated that the resin breakthrough curves are essentially 
unchanged after seven regeneration cycles. (Gu et al., 2004b; Gu et al., 2003b; Gu et al., 
2001; Smith, 2003). The regeneration process, involving holding tanks and an acidic 
perchlorate solution, was performed off-site during this demonstration. It is expected that 
future commercial regeneration of resin will be performed at a regional regeneration 
facility. Use of a regional regeneration facility, as opposed to on-site regeneration, 
permits IIX to function as a drop in substitution for single use IX with no changes to 
perchlorate drinking water treatment capital or operating procedures.. For the scale-up of 
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the regeneration vessel, the two most important factors to match were the regeneration 
solution’s linear velocity and length diameter (L/D) ratio. We note that the already 
existing minimum-scale regeneration system is expected to only require one scale-up step 
to full commercialization. 
 
Calgon Carbon Corporation has developed improvements to the regeneration process that 
reduce the potential for the buildup of impurities in the regeneration loop that will be 
further described later in this document. 
 

2.2.3 Perchlorate Destruction and Regenerant Recycling 

The concentrated perchlorate in the regenerant solution can be catalytically reduced to 
chloride and water, thus the regenerant solution can be recycled. Ferrous iron usually 
serves as the reductant2 and ferric ions serve as homogeneous catalysts. This patented 
methodology uses added ferrous iron, Fe2+ (as FeCl2), to reduce ClO4

- in the spent resin 
regenerant solution at a temperature near 200 °C (392 °F) (Gu et al., 2002b; Gu et al., 
2003a). While ClO4

- is reduced or destroyed, ferrous iron is oxidized to ferric iron, Fe3+, 
which replenishes or “regenerates” the FeCl3 regenerant solution. Therefore, the 
regenerant solution is expected to be reusable for many cycles. More importantly, it 
eliminates the need for disposal of hazardous regenerant wastes containing ClO4

-.  
 
The overall chemical reaction can be written as:  
 
ClO4

- + 8Fe2+ + 8H+ → Cl- + 8Fe3+ + 4H2O  
 
The end products are chloride, ferric iron, and water. Batch kinetic experiments indicate 
that the reaction is slow at temperatures below 100 °C (212 °F), but accelerates quickly 
as temperature is increased. A complete reduction of ClO4

- (with an initial concentration 
of ~9,000 mg/L) occurred in less than one hour at 195 °C (383 °F) in the FeCl3-HCl 
solution at 20 atmospheres pressure, and the reaction half-life was only ~8 min. The 
pressure is primarily used to keep the water in a liquid state. No intermediate products 
were detected.  
 
This process has been tested in a small batch system and both laboratory- and field-scale 
flow reactors at ORNL (0.1 mL/min up to ~1.5 GPH [0.1 mL/min up to ~0.14 m3/day]) 
and has been exclusively licensed to Calgon Carbon Corporation. This field-scale flow-
through reactor is shown in Figure 2-3, and it is capable of running spent regenerant 
solution at ~37 gallons per day (GPD) (0.14 m3/day). Both bench-scale and pilot-scale 
perchlorate destruction using this technique have been tested under continuous flow 
conditions (Figure 2-3). The results indicated nearly complete degradation of ClO4

- (> 95 

                                                 
 
2 Ethanol or propanol may be substituted as the reductant in scale-up for some applications. 
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percent at an initial influent perchlorate concentration of ~5,000 mg/L or higher) (Gu et 
al., 2003a). 
 

 

After-reaction  
cooler 

Heater/reactor 

Control box 

Pump 

 

Figure 2-3. A Flow-through Destruction Reactor 
The destruction system shown here is capable running spent regenerant solution up to 37 (GPD) (0.14 
m3/day), sufficient for technology demonstration (note the concentration factor of approximately 105 

between water treated and regenerant solution volume). This reactor is currently installed at Calgon’s 
Pittsburgh facility. 

 
The ratio between destruction system capacity and drinking water treatment capacity is 
that a 1 to 5 GPM (0.004 to 0.02 m3/min) destruction system can service 40,000 to 
200,000 GPM (2.5 to 12.6 m3/s) of drinking water treatment resin capacity. The largest 
currently-existing destruction system is in Pittsburgh, Pennsylvania, and has up to 37 
GPD (100 mL/min) capacity. The capacity of a full commercial-scale regional system (a 
single unit serving dozens of municipalities) is projected to be 5 GPM (19 L/min) or 
7,200 GPD (27 m3/day). Therefore, the project was conducted using the destruction 
system in Pittsburgh. Later with separate funding we plan to scale-up the destruction 
process to approximately 500 mL/min (190 GPD) of concentrate. A 500 mL/min (0.13 
GPM) system could destroy the perchlorate concentrate produced from an annual 
regeneration of the resin in a “Model 10” system (1,000 GPM [3.8 m3/min]) in 30 days 
(and thus would be capable of serving a dozen separate Model 10 systems). Thus, this 
500 mL/min (0.13 GPM) system represents an appropriate intermediate scaling step 
towards a regional facility. For scaling the destruction technology, the key elements 
controlling treatment efficiency are residence time, temperature and pressure. 

2.3 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY 
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Major advantages and limitations of the proposed new IX technology (selective bi-
functional resin regeneration with FeCl3-HCl, and perchlorate destruction) in comparison 
with conventional IX, brine regeneration technologies, or single-use, fixed-bed IX 
systems are listed in Table 2-1.  
 
 
Table 2-1. Comparison of Advantages and Disadvantages of Using Different IX and 

Regeneration Techniques 
 Non-selective, Brine 

Regeneration 
Single-use Resin, Fixed-bed 

System Selective Resin Regenerated by FeCL3-HCl 

A
dv

an
ta

ge
s 

Effective and able to remove 
ClO4

- 

Fast reaction, high flow rate, and 
simple operations 

Brine regeneration systems have 
been used previously at large scale 
but do not currently have a large 
market share 

Effective and able to remove 
ClO4

- 

Fast reaction, high flow rate, and 
simple operations 

Simplicity and low capital cost 

Widely used – large experience 
base and competition in pricing 

Highly efficient and last > 5 times longer 

Particularly suited to remove ClO4
- at low 

concentrations but high competing ion 
concentrations 

Fast reaction, high flow rate, and simple operations 

Low regenerant volume, ~1 BV per regeneration 
cycle 

Perchlorate recovered or destroyed, and regenerant 
recycled 

Low capital and minimized operational and waste 
disposal costs 

D
is

ad
va

nt
ag

es
 

Competition by other anions (e.g., 
NO3

-, Cl-, SO4
2-, HCO3

-) 

Frequent regeneration and 
production of large quantities of 
secondary brine wastes 

High capital cost for continuous 
ion-exchange & regeneration 
system 

High operational cost for resin 
replacement and disposal, disposal 
requires either incineration or 
landfilling 

Competition by other anions (e.g., 
NO3

-, Cl-, SO4
2-, HCO3

-) 

Handling of highly acidic regenerant solution  

Resin cost about twice that of non-selective resins 

Chlorinated aliphatic hydrocarbons can be formed in 
the regeneration/destruction process 

 
 
IX has been used for drinking water treatment for decades, so the technical risks of using 
the IX step of this technology is very low. The A-530E resin is commercially available 
from Purolite, and it has been NSF 61 certified for the treatment of drinking water. 
However, the regenerated resin and the regeneration process have not been NSF certified; 
currently, water treated using regenerated resin cannot be used as drinking water. A 
potential concern with this technology is the accumulation of impurities on the resin 
during multiple cycles, such as uranite. Relatively high concentrations of competing 
anions (such as SO4

2-, NO3
-, Cl-, HCO3

-) in the source water are not a significant concern 
for the IX, however, the elevated anion concentrations will increase the frequency of 
regenerations. The presence of relatively high concentrations of suspended solids (e.g., 
clay colloids) and reduced ferrous iron could potentially foul the resin bed, however, this 
problem is resolved by installing a simple pre-filter to remove suspended solids.  
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Another potential concern is the accumulation of impurities in the regenerant solution 
over multiple cycles. Regeneration using FeCl3 and HCl effectively removes a variety of 
impurities from the resin, which may accumulate in the regenerant solution. Many 
organic impurities are expected to be removed from the regenerant solution in the 
perchlorate destruction step at elevated temperature and pressure, and nitrate will be 
converted to nitrogen gas. Nitrate input to the regeneration and destruction process is 
minimized by the selectivity of the resin. Nitrate will be reduced to nitrogen by ferrous 
iron in the destruction module:  
 
2NO3

- + 10Fe2++ 12H+  N2 + 10Fe3++ 6H2O 
 
This nitrate destruction reaction is thermodynamically favored over perchlorate 
destruction, and therefore nitrate destruction efficiency can be expected to be greater than 
perchlorate destruction. The relative kinetics of these processes have not, however, to our 
knowledge, been studied. The fate of other inorganic impurities is an issue carefully 
studied during the demonstration, with the aim of defining the envelope of site-specific 
conditions over which this technology will have low life-cycle costs. Expectations prior 
to the demonstration were that nitrate, chloride and sulfate would be eluted earlier than 
perchlorate during the regeneration process. The regeneration solution is a strong acidic 
solution (4M HCl); therefore, bicarbonate will be evolved as carbon dioxide (CO2), 
additionally, the bifunctional resin is least selective for bicarbonate, therefore very little 
bicarbonate is expected in the regenerant solution. Multiple methods could be employed 
to maintain the sulfate (and other contaminants) at acceptable levels. Process 
improvements developed by Calgon Carbon Corporation for this purpose include: 
 

• A step prior to the regeneration in which the resin is washed with a dilute 
acid/salt solution. The benefits of an acid wash for one impurity - uranium 
- were shown by Gu et al. (2005). Calgon has modified and refined the 
rinse protocol discussed by Gu et al. (2005). 

• A modification to the post-rinse step at the end of the regeneration process 
in which some of the rinses are made with an aqueous solution of a 
common, nontoxic inorganic substance instead of water 

 
A post-destruction partial purge of 10 to 40 percent of the 2 BVs of solution can also be 
used to maintain/control the concentration of impurities such that they will not 
significantly impact the regeneration efficiency. 
 
The regeneration and perchlorate destruction processes require the handling of corrosive 
HCl, although it is noted that the use and handling of HCl is a routine process in general 
industry. For example, the use of HCl for resin regeneration in the refining and 
processing of sugar is well established. HCl is inexpensive and available in food-grade 
solutions. During demonstration and full-scale treatment applications, Calgon will 
operate a regional, off-site regeneration and perchlorate destruction facility (similar to a 
carbon re-activation plant), to make the job of the municipal operators simpler and to 
avoid on-site handling of HCl and other hazardous and corrosive materials. Calgon has 
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conducted some initial commercial regeneration operations (without the destruction step). 
These operations have focused on remediation sites since the process is not yet NSF 
approved. 
 
The construction materials of the destruction module must be able to resist HCl corrosion 
in a high temperature, high pressure environment. The original reactor was constructed of 
glass tubing, and the 100 mL/min (1.5 GPH) Pittsburgh reactor is constructed with 
tantalum metal, which resists HCl corrosion. Thus, alternative materials of construction 
should be identified to lower the capital cost. Teflon and glass lined reactors are common 
in the chemical industry and will be considered. Scale-up to the 500 mL/min (8 GPH) 
reactor size will involve coupon testing for materials durability. 
 
One issue of concern with any IX system is that organic compounds can leach off of the 
resin material, including N-Nitrosamines or their precursors. Most of the NDMA stems 
from the resin manufacturing process and, thus, is minimized by pre-rinsing of the virgin 
resin prior to use. We also expect that N-Nitrosamines generation can be minimized by 
reuse of regenerated resin. More importantly, unlike other IX resins, bi-functional resins 
do not use trimethylammonium functional groups, so it is highly unlikely that our 
treatment process will generate any NDMA (see Table 1-1) but NDEA formation is 
possible. Although the resin is rinsed after regeneration, some residual acidity may still 
be suspected. This can easily be managed through pH monitoring and, if necessary, 
addition of base to the 20 BVs of rinse water used at the end of the regeneration process. 
Iron oxyhydroxide and/or biomass buildup on the bed can decrease the effectiveness of 
the system and regeneration. However, simple, commonly applied pre-filtration (i.e., 10 
micron [3.9 x 10-4 in]) reduces this issue.  
 
A potential concern that sometimes occurs with IX systems is the concentration of 
naturally occurring uranium, which may be present at very low concentrations in some 
areas. Gu et al. (2005) recently found that the bi-functional resin actually has a lower 
affinity to capture uranium than SBA resins. However, this issue can easily be dealt with 
either by a dilute acid rinse to strip uranium off the resin bed first (before it is 
regenerated) or by the addition of a small resin canister that is specific to uranium 
removal. Gu et al. (2005) showed that a rinse with dilute HCl could remove 75% of the 
uranium but only 0.1% of the perchlorate. Calgon and ORNL are currently developing 
approaches to allow IX systems to be used with regeneration in high uranium water (Gu 
et al., 2004a) but this was not a major subject of the current demonstration. The influent 
concentration of uranium at the FWC site, 1.6 µg/L, is not particularly unusual compared 
to the range of 0.1 to 10 µg/L found in “most natural water” (Hem, 1992). Agency for 
Toxic Substances and Disease Registry (ATSDR) 
(http://www.atsdr.cdc.gov/toxprofiles/tp150-c5.pdf) gives an average concentration for 
uranium in drinking water in California as 2.7 pCi/L (1.8 to 4.1 µg/L, depending on 
conversion factor used). 
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3. PERFORMANCE OBJECTIVES 

3.1 QUANTITATIVE PERFORMANCE OBJECTIVES 

Performance objectives are summarized in Table 3-1 and discussed briefly in the 
subsequent subsections of section 3. A more extensive analysis is presented in Section 6 
“Performance Assessment”. 
 

Table 3-1. Performance Objectives 

Type of 
Performance 

Objective 
Performance Criterion Performance Metric 

Actual 
Performance 

Objective 
Met? 

Ability of fresh and regenerated 
resin to meet California DHS 
notification level (AL) for 
perchlorate  

Treatment of typical Fontana 
concentrations of perchlorate to <6 
µg/L after 1 or more regeneration 
cycles (Note however that many 
utilities will target treatment to <4 
µg/L to provide an additional safety 
factor) 

YES 

Efficacy of regenerated resin 
compared to fresh resin 

Two Measurements: 
1. Volume treated before 

breakthrough for regenerated 
resin 80-120% of that of fresh 
resin in the same system 

2. Mass removed before 
saturation for regenerated 
resin 80-120% of that removed 
by fresh resin in the same 
system 

YES 

Leaching potential of fresh and 
regenerated resin to yield 
concentrations below. 
California DHS notification levels 
or MCLs for nitrate, metals (Title 
22) NDMA, NDEA, and NDPA 

After 1 or more regeneration cycles,  
NDMA <10 ng/L; 
NDEA <10 ng/L; 
NDPA <10 ng/L; 
Nitrate (as NO3) <45 mg/L 

YES 

Verify high level of perchlorate 
destruction in the presence of 
typical impurities in potable water 
supply within the Inland Empire 

95% perchlorate destruction  YES 

Quantitative 

Accumulation of uranium in the 
integrated process 

Monitor uranium in resin and 
regeneration and destruction 
streams. Ensure that the resultant 
level in the treated water does not 
exceed the MCL 30 µg/L or the 
approximately equivalent state 
MCL of 20 pCi/L 

YES 

Qualitative Reduced treatment costs Reduce treatment costs 
significantly (at least 25%) over 
conventional IX technology by 
reducing waste disposal and resin 
re-use 

Partial - Cost 
reduction of 
12% shown 
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Type of 
Performance 

Objective 
Performance Criterion Performance Metric 

Actual 
Performance 

Objective 
Met? 

Scalability Identify & assess scaling 
parameters for regeneration and 
destruction units 

PARTIAL 

Successful integration of three 
technology elements 

Identify, assess and overcome 
integration issues 

PARTIAL 

Time to saturation of regenerated 
resin over several cycles 

Observance of breakthrough levels 
of perchlorate, leaching 
concentrations of nitrate, metals 
(Title 22), NDMA, NDEA, NDPA 

YES 

Rinse volume requirement (during 
regeneration) 

Determine how many bed volumes 
of rinsing are required at pilot- scale 

PARTIAL 

Rinse water treatment 
requirement 

Document the required 
neutralization or other rinse water 
treatment before discharge 

YES 

Regeneration process efficiency Verify that 6 BVs of regenerant is 
optimum. Verify that not all of 
volume used in regeneration need 
be treated in destruction module  

It was shown 
that < 6 BVs of 
regenerant is 
optimum. Not 
all the volume 
need be treated 
in the 
destruction 
reactor. 

Determine purge rate necessary 
to control impurity buildup during 
regeneration 

Measure rate of accumulation of 
anions, hardness, organic matter, 
Uranium, particulate matter in 
regenerant solution, to select purge 
rate 

Monitoring 
performed, 
however these 
did not become 
limiting in the 
number of 
cycles 
performed. 

Determine optimum destruction 
conditions 

Determine flow rate and 
temperature optima in pilot-scale 
unit at constant reluctant dose and 
pressure 

PARTIAL 

Ease of operation & maintenance From the perspective of the 
municipal operator, O&M same as 
or better than current IX systems 

YES 

Qualitative 
 

Regenerant readjustment 
requirement 

Document the amount of 
readjustment required to the 
recycled regenerant to meet 
acceptance criteria. 

PARTIAL 
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3.1.1 Meet California DHS Notification Level for Perchlorate 

As discussed in section 6.1, both virgin and regenerated resin produced water containing 
no perchlorate above the reporting limit for ~100,000 BVs. The demonstration continued 
to load the resin bed past perchlorate breakthrough to saturation, where the treated 
effluent perchlorate concentration exceeds 90% of the influent perchlorate concentration. 
In a typical lead-lag treatment configuration, perchlorate breaks through the lead bed and 
is removed by the lag bed while the lead bed becomes saturated. 

3.1.2 Efficacy of Regenerated Resin as compared to Virgin Resin 

Regenerated resin compared quite favorably to virgin resin in this demonstration. 
Breakthrough with regenerated resin occurred between 85 and 119% of the virgin resin 
breakthrough. Regenerated resin loading before saturation was estimated at 83 to 90% of 
the virgin resin loading before saturation. As discussed in section 6.2, the discrete 
sampling intervals utilized for this project limit the precision of breakthrough and loading 
estimates. 

3.1.3 Meet California DHS Notification Levels or MCLs for Nitrate, Title 22 
Metals, and Nitrosamines 

The regenerated resin produced water meeting DHS notification levels or MCLs for 
nitrate, Title 22 metals, and nitrosamines. While the water nitrate utility did manage 
pumping operations upstream of the IIX system to meet the nitrate MCL, no nitrate 
rollover was observed exceeding the MCL. Similarly, no metals exceedances were 
encountered when using regenerated resin although a few were noted with virgin resin. 
Neither NDMA, NDEA, or NDPA were detected at greater than 10 ng/L in the treated 
effluent while using regenerated resin. A more detailed discussion of these performance 
criteria is presented in section 6.3. 

3.1.4 Perchlorate Destruction 

Perchlorate was destroyed in a high temperature reactor through reduction with ferrous 
iron. In parametric tests, destruction efficiencies of over 99% perchlorate were achieved. 
Parametric tests indicate 95% destruction can be achieved at 180 C with a residence time 
of 1.4 hours. Long-term semi-continuous runs, simulating commercial operation, were 
generally able to achieve 95% perchlorate destruction. High concentrations of nitrate in 
the destruction reactor caused process upsets; management options would include minor 
modification to reactor design and feed material selection/management. 
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3.1.5 Accumulation of Uranium 

Although the perchlorate-selective resin does accumulate uranium during the perchlorate 
treatment cycle, no uranium exceedances were observed in treated water using 
regenerated resin. The uranium removed during treatment is largely recovered within a 
preliminary step of the regeneration process. No rollover of uranium was observed during 
perchlorate treatment. Uranium breakthrough during perchlorate treatment was very 
similar to perchlorate breakthrough. The amount of uranium on the saturated resin could 
create shipping and receiving difficulties in extraordinary conditions, but there is no 
evidence that this would be more of an issue with regenerated resin than with virgin resin. 

3.2 QUALITATIVE PERFORMANCE OBJECTIVES 

3.2.1 Reduced Treatment Cost 

The cost model for IIX is discussed at length in section 7. Although the model does 
demonstrate significant cost savings as the result of using IIX over using single-use IX 
for perchlorate treatment, the cost savings does not rise to 25%. IIX is modeled to be 12% 
less expensive than single-use IX over a 30 year treatment cycle. As there are no 
additional capital costs to the water utility of implementing IIX, the cost savings depends 
entirely on the price of regeneration service compared to the price of virgin resin and 
resin destruction.  

3.2.2 Scalability 

In this demonstration, regenerated IX resin was used for perchlorate treatment at 
nominally 150-190 GPM. The IX process continues to scale with regenerated resin in the 
same manner as with virgin resin. These systems generally scale above 2000 gallons per 
minute by adding parallel treatment trains of larger IX vessels.  
 
The components and processes of the regeneration reactor mirror the mass transfer 
operations of the IX process and thus are expected to scale in a similar manner. As 
discussed in section 6.7 the dramatic scale-up from bench-scale to pilot-scale of the 
regeneration process has proceeded smoothly. Thus few difficulties are expected with 
further scaling the regeneration reactor should further scale-up be needed. The process 
economics would remain favorable for reactors with much higher pressure drops than in 
the demonstration reactor, but the bed volume and thus pressure drop are expected to be 
limited practically by the volume of the wellhead treatment vessel which provides the 
resin to be regenerated. 
 
Although the destruction reactor proved capable of processing 60 mls/minute, substantial 
difficulties were encountered in operation. In addition to the high pressures and 
specialized materials required for the reactor, byproduct production needs to be managed. 
Gases created in the reactor caused operational difficulties requiring either feed 
management or physical redesign of the reactor. In addition, halogenated VOC were 
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produced in the destruction reactor, which needs to be managed to prevent carryover to 
the regenerated resin. 
 
Thus scale-up of the regeneration process without the specialized high-temperature 
destruction process appears to be the most likely midterm path to commercialization of 
this technology. Indeed commercial operations have already been conducted on this basis 
for nondrinking water applications. 

3.2.3 Integration 

The three components of IIX were successfully operated within this demonstration. 
Regenerated resin could be used to produce acceptable water with respect to all 
components evaluated. The regeneration successfully utilized recycled regenerant from 
prior cycles without adverse effects. The destruction reactor was capable of achieving 
>95% perchlorate destruction with the effluent being suitable for re-use as regenerant. 
The major issues to be optimized with the regeneration procedure are largely volume and 
flow management, none of which prevent commercial operation. The major issues with 
the destruction reactor include process upsets resulting from high nitrate concentration 
and the production of VOCs. Further development of the destruction reactor is likely 
required to reduce iron reagent consumption, eliminate VOC production, and improve 
operational stability. Scale-up of the destruction reactor would require continued work 
with materials resistant to strong acid at high temperatures and pressures. Thus scale-up 
of the regeneration process without the specialized high-temperature destruction process 
appears to be the most likely midterm path to commercialization of this technology.  

3.2.4 Time to Saturation 

Time to perchlorate saturation was determined in BVs treated as described in section 6.1. 
Time to perchlorate saturation remained fairly constant through four loading cycles. 
There was no discernable trend in time to saturation with successive loading or 
regeneration cycle. Nitrate and metals generally saturated the resin prior to perchlorate 
saturation. Nitrosamines are detected sporadically in both influent and effluent suggesting 
dampening of the Nitrosamine concentration but not significant absorption release or IX.  

3.2.5 Rinse Volume Requirement 

Wash and rinse volumes were largely held constant during this demonstration. Never-the-
less, regeneration process changes made during this demonstration eliminated one rinse 
cycle, nominally 10 BVs of wash water. In addition, elution profiles of the dilute acid 
wash, used to pre-treat the resin prior to regeneration, indicate that less acid wash could 
be used in future applications. More opportunities for optimization exist and are 
interdependent with the volume management of the tetrachloroferrate, acid, and water. 
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3.2.6 Rinse Water Treatment 

The amount of neutralization agent, expressed as sodium hydroxide, required for the 
demonstration is documented in section 6.11. The amount of neutralization agent 
normalized for resin volume required for full-scale implementation will likely diminish 
as a result of improving volume management and wash and rinse cycle optimization.  

3.2.7 Regeneration Process Efficiency 

In this demonstration, an essentially constant 6 BV of tetrachloroferrate regenerant was 
used to remove perchlorate from the resin through three regeneration cycles. Although 
six BVs of tetrachloroferrate was clearly sufficient, it appears that a much lower volume 
would be optimum. The current data suggest that nominally 2 BVs would be sufficient to 
remove the overwhelming majority of the perchlorate.  
 
Throughout the demonstration, the majority of the tetrachloroferrate used to regenerate 
the resin was reserved without further treatment (i.e., perchlorate destruction) for use in 
the next regeneration cycle. Although much of this reserve quantity contained little 
perchlorate, some of the reserve volume contained significant quantities of perchlorate. In 
the third regeneration cycle, significant concentrations of perchlorate were present in the 
feed tetrachloroferrate but did not have any adverse affect on resin regeneration. 

3.2.8 Purge Rate 

Although the concentration of metals and other ions in the tetrachloroferrate regenerant 
was monitored during the demonstration, the limited number of cycles in the 
demonstration did not produce contamination sufficient to interfere with the regeneration 
process. The purge rate must be equal to or greater than the amount of liquid iron solution 
added for the destruction process. The purge rate is also influenced by the amount of 
concentrated tetrachloroferrate lost by dilution with the initial rinses that displace the 
tetrachloroferrate. 

3.2.9 Optimum Destruction Conditions 

The rate of perchlorate destruction at constant ferrous stoichiometry was determined over 
a range of reaction temperatures and flow rates. No single optimum in either temperature 
or reaction time was found. The destruction rates found in this demonstration are 
consistent with the pseudo-first order rates published (Gu et al., 2003). Destruction rates 
are found to increase with increasing reaction temperature. Conditions sufficient for ≥ 
95% perchlorate destruction are identified in section 6.14. 
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3.2.10 Operation and Maintenance 

From the perspective of the water system operator, no difference in O&M was 
experienced relative to single-use IX technology. O&M experience during this 
demonstration is documented in section 5.5.2. 

3.2.11 Regenerant Readjustment 

As with the reagent purge rate, there were too few cycles in this demonstration to identify 
the limiting quantity of reagent required for readjustment of regenerant composition 
between cycles. The purge rate and additional reagent required were functions of the 
tetrachloroferrate lost to displacement during rinse cycles and the amount of ferrous iron 
required to be added for perchlorate destruction. The excess ferrous iron from perchlorate 
destruction is now expected to buildup in the regenerant reducing the ferrous iron 
demand in subsequent cycles. The data also suggest that less ferrous iron could be added 
than was added in this demonstration since perchlorate was extensively reduced without 
substantial nitrate reduction. These factors, along with improving volume management, 
are expected to reduce the ferrous iron and makeup regenerant requirements.  
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4. SITE DESCRIPTION 

The field demonstration was performed at the FWC existing perchlorate treatment facility 
located in Fontana, California, adjacent to groundwater production wells FWC-17B and 
FWC-17C. The site was selected by ESTCP in consultation with local municipalities and 
the project team 

4.1 SITE LOCATION AND HISTORY 

The field demonstration was performed at FWC’s existing perchlorate treatment facility 
located in Fontana, California, adjacent to groundwater production wells FWC-17B and 
FWC-17C. FWC is a subsidiary of the San Gabriel Valley Water Company, which uses a 
drinking water source mix of approximately 85 percent groundwater, 14 percent surface 
water, and 1 percent purchased water (FWC, 2004). The demonstration site has several 
characteristics that made it suitable for the demonstration: 
 

• Water chemistry that is representative of the California Inland Empire 

• Adequate supply of water for testing 

• Piping infrastructure available for relatively easy connection 

• Nearby electrical source for the booster pump 

• National Pollution Discharge Elimination System (NPDES)-permitted 
percolation pond for discharge of treated demonstration water 

• FWC had 12 DPH-certified water treatment system operators that inspected 
the demonstration system on a near-daily basis 

 
The FWC full-scale perchlorate treatment system at the same site utilizes one-pass (non-
regenerable) IX that is comprised of five (5) parallel trains of lead-lag vessel pairs (a total 
of 10 IX vessels), and has a maximum treatment capacity of approximately 5,000 GPM 
(0.3 m3/s). Production wells FWC-17B and FWC-17C pump water through the treatment 
system and then to the FWC’s distribution system reservoir. Currently, the IX system 
utilizes Purolite A-530E resin, the same resin that was used during the demonstration. 
The site also has an NPDES-permitted percolation pond that is used to discharge water 
generated during resin change-outs and well blowdown, and was used to discharge the 
treated demonstration water. A site location map is provided as Figure 4-1. 
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Figure 4-1. Site Map, FWC-17B and FWC-17C 
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4.2 SITE GEOLOGY, HYDROGEOLOGY AND CONTAMINANT 
DISTRIBUTION 

Several large perchlorate plumes have impacted at least 20 large municipal drinking 
water supply wells in California’s Inland Empire, resulting in their removal from service 
or installation of costly treatment systems. The demonstration site houses two 
groundwater production wells, a drinking water reservoir, a percolation pond, and a 
perchlorate treatment system. The site sits above a large regional perchlorate plume 
(illustrated on Figure 4-2) that is unrelated to past or current site operations, and is 
located in a light industrial/residential area of Fontana, California. Groundwater from the 
two production wells is representative of perchlorate-impacted water in the Inland 
Empire of Southern California.  
 
Groundwater chemistry for both production wells is summarized in Table 4-1. Historical 
trends for two contaminants, perchlorate and nitrate, over time are shown in Figures 4-3 
and 4-4 based on data provided by FWC and graphed by ARCADIS. FWC provided data 
for nitrate spanning the demonstration time period is shown in Figure 4-5. 
 

Table 4-1. Production Well Groundwater Chemistry (X/Y Indicates Multiple 
Measurements) 

Well Identification (ID): FWC-17B FWC-17C Average 
Production Rate (GPM): 1,290 1,850 3,150 (Total) 

Production Rate (m3/min): 4.9 7.0 11.9 

Average Water Quality Parameters:    

Perchlorate (µg/L) 18/12 8.6/7.7 11.6 

Nitrate (mg/L) as Nitrate 36/30 33/32 32.8 

Chloride (mg/L) 11/8.9 11/12 10.7 

Sulfate (mg/L) 14/16 14/15 14.8 

Carbonate/Bicarbonate (mg/L) ND/192 & ND/210 ND/186 & ND/180 ND/192 

pH 7.5/6.94 7.5/8.17 7.5 

TDS (mg/L) 250/250 238/270 252 

Specific Conductance (µmho/cm) 415 388 401 

Volatile Organic Compounds (µg/L) ND ND ND 

ND – Non-Detect 
TDS – Total Dissolved Solids 
 



 
 

Figure 4-2. Perchlorate in Groundwater in Chino Basin
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Figure 4-3. Historical Trends in Nitrate and Perchlorate Concentration in Well FWC-17B 
 

  

Figure 4-4. Historical Trends in Nitrate and Perchlorate Concentration in Well FWC-17C 
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Figure 4-5. Nitrate Concentration for Wells FWC-17B and FWC-17C during 2007 and 
2008, Data Provided by FWC 

 
These particular wells extract groundwater from the Chino formation. The water chemistry of the 
Chino formation as a whole has been extensively studied by the Chino Basin Watermaster 
(http://www.cbwm.org/ov_engineering.htm) and by the United States Geological Survey 
(USGS) in their report on the Santa Ana watershed (http://pubs.usgs.gov/wri/wri02-
4243/text.html). From these documents it is clear that these wells are likely to be quite high in 
dissolved oxygen (DO) (> 50% of saturation), with dissolved organic carbon below 1 mg/L, 
phosphorous below 0.04 mg/L and have alkalinities between 130-180 mg/L as CaCO3 
 
The pumping times for the wells at the FWC-17 location are controlled by the demand in the 
distribution system pressure zone into which they pump, and the ability to vacate water from this 
zone, in order to keep at least one of the wells running at all times. In the winter, operation is 
typically limited to one well. In the summer both wells are generally operated. Fall and spring 
operations are based on demand.  
 
FWC is observing some fluctuation in nitrate concentrations that they attribute to operation of 
both wells at the same time. Their Supervisory Control and Data Acquisition (SCADA) system is 
set to automatically trip off the groundwater pumps if the nitrate concentration exceeds a pre-set 
value. However FWC staff trend nitrate concentration and can respond before a system trip.  
 
FWC utilizes well packers in FWC-17B and FWC-17C to regulate nitrate concentrations in the 
extracted groundwater. Well packers are inflatable devices that provide a seal between the 
outside of the production tubing and the inside of the wellbore wall. 
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Well FWC-17B has the following specifications: 
 

• Originally drilled to 870' (265 m) below ground surface (BGS).  

• The screened interval is from 500' to 860' (152 m to 262 m).  

• The casing is 16" (0.4 m) steel.  

• The static level as of April 2006 was 326' (99 m).  

• The pumping level was 349' (106 m) in 3-06. 

 
Well packers are used in well FWC-17B as follows: The original well packer (specifically, a 
K-Packer) was installed in July 2002. It was installed at 650' (198 m) BGS. It was removed in 
October 2004, and the equipment changed to increase the flow rate. The nitrate concentrations at 
that time were suitable to do so. As of early 2006 the nitrate concentrations in FWC-17B were 59 
mg/L, as nitrate and thus a new inflatable packer was installed in June 2006.  
 
Well FWC-17C has the following specifications:  
 

• Screened interval: 500' to 920' (152 m to 280 m) BGS 

• Total depth: 930' (283 m) BGS 

• Slot Size: 3/32" (0.23 cm) 

• Packer Depth: 610' (186 m) BGS (approximately 40' (12 m) above 
the clay barrier) 

• Water Level: 359' (109 m) BGS (standing level in March 2006) 

• Pumping Level: 363' (111 m) BGS (pumping level in April 2006) 

 
 
FWC had originally installed a well packer in FWC-17C also. It was installed at 650' (198 m) 
BGS and the flow rate was reduced from 2800 GPM (10.5 m3/min) to < 2,000 GPM (7.6 
m3/min). FWC decided they could allow some of the water from the upper strata to pass an 
inflatable packer, increasing the flow rate and still yielding an acceptable concentration of 
nitrate. They now are producing close to 3000 GPM (11.3 m3/min) at 26 mg/L of nitrate, as 
nitrate. The packer is now completely inflated. 
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5. TEST DESIGN 

5.1 CONCEPTUAL EXPERIMENTAL DESIGN 

5.1.1 Experimental Design Overview  

The three unit processes that make up this integrated process are at different stages of 
development. The priorities in our experimental design were controlled by these developmental 
stages:  
 

1 The performance of newly manufactured A-530E bi-functional perchlorate-selective resin 
has been verified in a number of commercial applications across a range of water quality 
conditions at different sites (Milbury, MA, Fontana, CA, Aberdeen, MD, Aerojet, CA). 
The resin has been in wide commercial use for perchlorate treatment in drinking water. 
The performance of the fresh resin over a range of design and operating factors has 
already been documented. Our experimental design thus allows us to compare the 
performance of fresh resin to regenerated resin, and then to resin regenerated with 
recycled-regenerant. The primary emphasis was to observe the performance of the resin 
over multiple regeneration cycles, and to verify performance over four regeneration 
cycles (the maximum number that could feasibly be completed within a typical ESTCP 
project schedule). Because the resin cost is a significant factor in the overall treatment 
cost, determining the regenerative ability of the resin is a key parameter. 

 
2 The regeneration process has been thoroughly tested at the laboratory scale and has been 

tested at a limited number of sites on a pilot-scale for environmental purposes. In 
environmental applications the influent concentration of perchlorate to the resin and thus 
the perchlorate loading on the resin is typically higher than in drinking water applications 
since remediation systems are typically located closer to the point perchlorate was 
released. We planned to use these tests with the FWC drinking water supply to compare 
performance to previous projects that looked at this unit processes on a laboratory scale 
and pilot-scale (e.g., Edwards AFB, Aerojet).  

 
3 The destruction unit process has had the least testing of the three unit processes in this 

integrated system. However, testing has been done at the laboratory scale (both bench 
and flow reactors) using regenerant from resin used for perchlorate treatment at Edwards 
AFB in California (Gu 2003b) and a pilot-scale reactor had been built and was available 
for this demonstration. 

 
Given the complexity of this system, any project that sought to independently vary all of the 
potentially important design and operating factors at field scale would be financially prohibitive. 
Our experimental design was thus focused on describing the limiting critical design and 
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operating factors. Specifically, we have looked at those factors with the greatest economic and 
technical uncertainty, and with the greatest economic importance.  
 
One important focus of the demonstration design was evaluating those parameters that can only 
be observed over a long time period of operation. The regeneration system has been previously 
operated primarily in remediation applications. The current applications to drinking water 
treatment may be more demanding in some regards. Often the ratio of certain co-contaminants, 
such as nitrate and uranium to perchlorate, will be higher in a drinking water application (for 
example, the ratio of nitrate to perchlorate is 1000 times higher at FWC than at Edwards AFB). 
The fact that some of these critical operating factors, such as accumulation and impurities, can 
only be observed during a year-long testing period has limited our ability to intentionally vary 
operating parameters within the FWC demonstration. 
 
Our demonstration was designed to gather data on the scalability of the regeneration and 
perchlorate destruction systems. During experimental design of the regeneration and perchlorate 
destruction systems it is important to recall that these are envisioned ultimately to be regional or 
central facilities serving many municipalities across several states. Therefore, it is unlikely that 
these facilities will be optimized to the conditions of a given site. They are more likely to process 
resin from a number of sites simultaneously. As multiple batches are processed simultaneously 
or in rapid sequence from geographically separated facilities, this will tend to “even out” any 
site-specific issues in the operation of these processes. 
 
Process flow and schematic diagrams for this three-part system are provided as Figures 5-1 
through 5-8. Narrative descriptions of the various parts of the process are provided in 
Sections 2.2, 5, 5.1, 5.4 and 5.5. 
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Figure 5-1. Diagram of Regeneration, Rinse, and Destruction Systems Showing Sampling Points 
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Figure 5-2. Key for Revised Flow Diagram of Regeneration, Rinse, and Destruction Systems Showing Sampling Points 
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Figure 5-3. Resin Pre-treatment System 
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Figure 5-4. Process Schematic Ion Exchange at FWC 
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5.1.2 Experimental Design – IX Unit Process 

5.1.2.1 Literature Review Regarding Critical Design and Operating Factors for IX 

The performance of this resin (now sold as Purolite A-530E, but also known as D-3696 or 
BiQuat (Gu et al., 1999) in earlier publications) has been studied in laboratory studies and full-
scale as described in Section 2.2.1. The laboratory testing has included several critical 
design/operating factors: breakthrough curves at a variety of times and conditions (Gu et al., 
1999, Gu et al., 2005), various levels of other anions such as sulfate (Gu et al., 2005) and various 
flow rates (GPM/cubic ft or BV/min. Boodoo. 2003). Field scale results from Redlands 
California (Gu et al., 1999) Aerojet, Edwards AFB (Gu et al., 2000a; Gu et al., 2002a) and 
Paducah site (Gu et al., 2000b) have been published. During the Edwards AFB pilot test, 
clogging with iron oxyhydroxides and biomass was a significant problem that can be overcome 
with pre-filtration. This fouling caused breakthrough to occur in the field before it was predicted 
to occur from bench-scale observations (Gu et al., 2002a). Purolite claims to have proprietary 
modeling software that can be used in feasibility analysis for these resins for the following 
purposes (http://www.purolite.biz/Perchlorate_Facts_for_Vendors_ 090203.pdf ): 
 

• Estimate and compare expected treatment cost for a variety of resins 

• Perform sensitivity analyses for anticipated changes in water quality 

• Evaluate changes that will occur to competing anions during service (e.g., nitrate and 
sulfate) 

• Assess the simultaneous loading of other trace anions that may be present in the water 
(e.g., uranium, chrome-6, arsenic, selenium, etc.) for any peaking potential above 
MCLs 

• Use output data to optimize equipment sizing and frequency of resin change-outs (in 
the case of disposable resins) 

• Use output data to compare brine and proprietary regeneration options 

 
A publicly published similar model of an IX process is the Michigan Adsorption Design and 
Applications Model (MADAM) (Weber and Thaler, 1983; Weber and Crittenden, 1975). The IX 
for this model is based on mass transfer, equilibrium and thermodynamic considerations and has 
been used to successfully predict breakthrough curves in at least simple situations.  

5.1.2.2  FWC Demonstration Experimental Design – IX Unit Process 

At most full-scale sites, it is anticipated that resin beds will be able to operate at least one year 
between changes and that the resin will be reusable for six to eight regeneration cycles. 
Therefore, the resin life is likely to be six to eight years of active service. Given the relatively 
short time available for this demonstration program, we conducted the demonstration using a 
higher ratio of flow rate-to-bed-volume than would normally be used at full-scale, so that 
breakthrough would be achieved more rapidly than at full-scale.  
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For the demonstration, a 36” x 72” (0.9m x 1.8 m) IX vessel was installed upstream of any 
treatment at the host site for the IX of perchlorate. The vessel contained 20 ft3 (0.6 m3) of 
Purolite A-530E perchlorate-selective resin (as manufactured). The vessel typically operated at 
~60 BV/hr (150 GPM [0.6 m3/min]) and required three to five months to complete saturation. 
Upon saturation, the resin was removed from the vessel and shipped back to the central Calgon 
facility in Pittsburgh for regeneration and perchlorate destruction. Parameters monitored in the 
influent and effluent are listed in Table 5-1. These measurements permitted an accurate 
calculation of the perchlorate load on the resin, which provided a basis for mass balance 
calculations in later steps. After the regeneration was accomplished the resin was returned to the 
site and placed back in service. Further testing of the regenerated resin is described below. 
 

Table 5-1. Demonstration: Analytical Matrix – As Originally Planned 
Only actual samples listed, 30 percent additional samples allocated for QA/QC as detailed in QAPP 

Analyte 

Method 
(EPA unless 

otherwise 
cited) 

Explanation 

Analytical 
Instrument 

Used 

Detection 
Limit 

Reporting 
Limit 

Major Interferences (Listed 
only for Critical 

Parameters) 

Perchlorate 314  12 months, 4 
samples per month, 
2 locations within 
the IX adsorption 
system; 
additionally 8 
samples per 
regeneration cycle 
(including prewash 
and rinse), 4 
regeneration 
cycles3; 4 samples 
per perchlorate 
destruction unit 
run, 10 runs of 
destruction 

IC 0.63 µg/L 2.0 µg/L High mineral content or 
hardness; high concs. of 
common anions such as 
chloride, sulfate, and 
carbonate 

Perchlorate 331.0 or 
332.0 

10 to 20 for 
confirmation of 
primary method 

LC-MS/MS 
or IC-

MS/MS 

  None 

Nitrate 300.0 12 months, 4 
samples per month, 
2 locations within 
the IE adsorption 
system; 
additionally 8 
samples per 
regeneration cycle 
(including prewash 
and rinse), 4 
regeneration 
cycles; 4 samples 

IC 0.097 
mg/L 

0.50 mg/L Coelution by carbonate and 
other small organic anions; 
large amounts of acetate 

                                                 
 
3 It is likely that only four regeneration cycles will occur in the one year operations timeframe. 
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Analyte 

Method 
(EPA unless 

otherwise 
cited) 

Explanation 

Analytical 
Instrument 

Used 

Detection 
Limit 

Reporting 
Limit 

Major Interferences (Listed 
only for Critical 

Parameters) 

per perchlorate 
destruction unit 
run, 10 runs of 
destruction 

Sulfate 300.0 Same as above IC 0.14 
mg/L 

0.75 mg/L - 

pH SM4500H Same as above Electro-
metric 

- - - 

TDS SM2540C Same as above Gravimetric 4 mg/L 10 mg/L - 

TOC SM5310C Same as above UV-
Persulfate 

0.013 
mg/L 

0.3 mg/L - 

Chloride 300.0 12 months, 2 
samples per month, 
2 locations for IE 
adsorption system, 
in addition 5 
samples per 
regeneration run 
(including prewash 
and rinse), 4 
regeneration 
cycles; 2 samples 
per destruction unit 
run, 10 runs of 
destruction 

IC 0.05 
mg/L 

0.5 mg/L - 

Fluoride 300.0 Same as above IC 0.022 
mg/L 

0.1 mg/L - 

Title 22 Metals 
(Al, Sb, As, Ba, 
Be, Cd, Cr, Pb, 
Hg, Mo, Ni, Se, 
Ag,Tl, B, V, 
Zn), plus Ta in 
regenerant 
before and after 
recycling 
Plus Major 
Cations (Na, 
Ca, K) 

200.7 12 months of 
operation, 1 sample 
per month of 
operation, 2 
locations for IE 
adsorption system; 
additionally 3 
samples per 
regeneration cycle 
(including prewash 
and rinse), 4 
regeneration 
cycles; plus 2 
samples per 
destruction run, 10 
runs of destruction 

ICP-AES / 
ICP-MS  

See 
Appendix 

C 

See 
Appendix 

C 
 

- 

Dissolved Fe 200.7 Same as above ICP-AES 0.0048 
mg/l. 

0.02 mg/L - 

Dissolved Mn 200.7/200.8 Same as above ICP-AES / 
ICP-MS 

0.0048 
mg/l 

0.01 mg/L - 

Gross Alpha* 900.0 Same as above  - 1 pCi/L - 

Dissolved U 200.7/200.8 Same as above ICP-AES / 
ICP-MS 

0.015 
µg/L 

0.20 µg/L Changes in viscosity and 
surface tension, especially in 
samples with high dissolved 
solids or high acid concs. / 
High dissolved solids - ≤ 
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Analyte 

Method 
(EPA unless 

otherwise 
cited) 

Explanation 

Analytical 
Instrument 

Used 

Detection 
Limit 

Reporting 
Limit 

Major Interferences (Listed 
only for Critical 

Parameters) 

0.2% (w/v) recommended 

Total Fe 200.7 Same as above ICP-AES 0.012 
mg/L 

0.02 mg/L - 

Total Mn 200.7/200.8 Same as above ICP-AES 0.0012 
mg/L 

0.010 mg/L - 

Total As 200.7/200.8 Same as above ICP-MS 0.066 
µg/L 

0.40 µg/L - 

Total U 200.8 Same as above ICP-MS 0.015 
µg/L 

0.20 µg/L High dissolved solids - ≤ 
0.2% (w/v) recommended 

Volatile 
Organic Carbon 

(VOC) 

524.2 12 months of 
operation, 1 sample 
per month, 2 
locations for IE 
adsorption system; 
additionally 4 
samples per 
regeneration cycle 
(including prewash 
and rinse), 4 
regeneration 
cycles; 2 samples 
per perchlorate 
destruction run, 10 
runs of perchlorate 
destruction 

GC/MS See 
Appendix 

C 

See 
Appendix 

C 

- 

Semi-VOC 
(SVOC) and 

N/P Pesticides 

525.2 Same as above GC/MS See 
Appendix 

C 

See 
Appendix 

C 

- 

NDMA, 
NDEA, and 

NDPA 

1625M or 
521 

12 months, 2 
samples per month, 
2 locations for IE 
adsorption system, 
plus 5 samples 
from each of 2 
simulated 
distribution system 
tests (described in 
Section 3.6.6.2.2), 
additionally 5 
samples per 
regeneration cycle 
(including prewash 
and rinse), 4 
regeneration 
cycles; 2 samples 
per destruction run, 
10 destruction runs 

GC/MS or 
GC/MS/MS 

0.50 ng/L 2.0 ng/L Interferences coextracted 
from samples vary 
considerably and from source 
to source 

Radon SM7500-Rn 
or EPA 913.0 

12 months of 
operation, 1 sample 
per month, 2 
locations for IE 
adsorption system; 
plus 4 samples per 
regeneration run 

Liquid 
scintillation 

- 10 pCi/L - 
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Analyte 

Method 
(EPA unless 

otherwise 
cited) 

Explanation 

Analytical 
Instrument 

Used 

Detection 
Limit 

Reporting 
Limit 

Major Interferences (Listed 
only for Critical 

Parameters) 

(including prewash 
and rinse), 4 
regeneration 
cycles; 2 samples 
per perchlorate 
destruction run, 10 
runs of perchlorate 
destruction 

 
In typical one-pass IX perchlorate treatment systems, the IX vessels are configured in a lead-lag 
configuration. The systems are run until the IX resin in the lead vessel is saturated with 
perchlorate (i.e., when the perchlorate concentration in the lead vessel effluent equals the influent 
perchlorate concentration). During the time between initial breakthrough of the lead bed and 
saturation of the lead bed the lag bed is providing treatment. Once saturation is nearly reached, 
the resin in the lead vessel is removed, transported off-site for incineration, and fresh resin is 
installed into the vessel which is then placed into service as the new lag vessel (the partially-
saturated resin in the former lag vessel becomes the new lead vessel). This vessel configuration 
and operation is accepted by the DPH for use in drinking water applications.  
 
Alternately, if the proposed technology is deemed to be an acceptable drinking water treatment 
technology, it may be possible in some jurisdictions to have only one IX vessel that operates to a 
pre-determined effluent (breakthrough) perchlorate concentration (e.g., 10 percent of the influent 
perchlorate concentration, or 90 percent of the regulatory limit, etc.). Once this effluent 
concentration is reached, the partially-saturated IX resin would be removed from the vessel, 
fresh or regenerated resin would be installed into the vessel, and the “spent” resin would be sent 
to a regional regeneration facility to be regenerated and stored pending reuse. Thus it was 
important to measure both the time to breakthrough and the time to saturation during this 
demonstration. 
 
The focus of our experimental design for IX was on comparing the performance of fresh or 
“virgin” resin to regenerated resin, and then to resin regenerated with recycled regenerant. We 
performed four cycles of IX (three regenerations) with the same lot of resin. Therefore, a primary 
emphasis was observing the performance of the resin (time to breakthrough and perchlorate 
capacity) over multiple regeneration cycles. This, in turn, supports an estimate of how many 
regeneration cycles a given resin can endure. Since the resin cost is a significant factor in the 
overall treatment cost, determining the regenerative ability of the resin is the key. 
 
We also observed the system for the potential that organics could leach off of the resin material, 
including N-Nitrosamines or their precursors. Most of the NDMA stems from the resin 
manufacturing process and was expected to be minimized by reuse. Unlike other IX resins, bi-
functional resins do not contain trimethylammonium functional groups, so it was thought highly 
unlikely that our treatment process would generate any NDMA. However, we monitored N-
Nitrosamines throughout the treatment period and discuss detections in this report. 
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Iron oxyhydroxide and/or biomass buildup on the bed can decrease the effectiveness of the 
system and regeneration; however, simple, commonly applied pre-filtration (i.e., 10 micron [3.9 
x 10-4 in]) reduces this buildup. Field-scale flow rates were monitored to evaluate this potential 
problem. The project utilized a backwashable pre-filter so we did not observe any buildup, 
increased pressure drop across the IX vessel (or subsequent loss of flow rate). 
 
Since according to Purolite the resin is manufactured in batches of approximately 135 cubic feet 
(3.8 m3), it was not possible to use the exact same batch as is used in the existing full-scale plant 
at FWC. Nor was it possible that the resin batch be the same as what has been tested in other 
regeneration and destruction tests at the bench and pilot-scales. We did, however, ensure that the 
technical specifications and model numbers of the resin batches were the same.  
 
The definition of "N-Nitrosamines precursors" is uncertain, and the IX will occur upstream of the 
disinfection (chlorination) system at FWC. Therefore to assess the potential for N-Nitrosamines 
and volatile organic carbon (VOC) generation following disinfection, ARCADIS conducted 
simulated distribution system (SDS) testing to determine the extent to which disinfection 
byproducts could be formed using effluent from the IX system while dosing it with free chlorine. 
Methods used in this test are discussed in Section 5.3.1 and results in Section 5.7.4 

5.1.3 Experimental Design – Regeneration Unit Process 

5.1.3.1 Literature Review Regarding Critical Design and Operating Factors for Ferric 
Chloride Regeneration 

Ferric Chloride regeneration of the resin was demonstrated at the bench-scale (Gu et al., 2001) 
using resins loaded at the Aerojet site and in the lab. Among the critical design and operating 
factors examined were the kinetics of the regeneration process (perchlorate desorbed vs. time), 
number of bed volumes required for regeneration, and elution curves with fresh and regenerated 
resin (recovery of IX capacity). This treatment system was targeted at a high influent 
concentration (at ~250 µg/L perchlorate).  
 
Data on many of the same regeneration design and operating factors that were tested in this 
demonstration is publicly available for a second source water – Edwards AFB at pilot and bench-
scale (Gu et al., 2002a; Gu et al., 2003b). Edwards AFB has a 450 µg/L perchlorate influent 
(roughly 50 times higher than we encountered at FWC). Chloride concentrations are 20-30 times 
higher, and sulfate concentrations are 10 times higher at Edwards AFB than at FWC. Nitrate 
concentrations, however, are substantially higher at FWC than at Edwards. (Note that FWC 
blends various waters for nitrate control, has recently readjusted well packers for this purpose, 
and uses on-line nitrate sensors to provide real-time feedback and system shutdown on nitrate 
concentrations exceeding a set-point).  
 
Bench-scale results have demonstrated that the resin breakthrough curves are essentially 
equivalent after seven regeneration cycles (Gu et al., 2004b; Gu et al., 2003b; Gu et al., 2001; 
Smith, 2003). For the scale-up of the regeneration vessel, the two most important factors to 
match (and optimize) are the regeneration solution’s linear velocity and regeneration vessel 
length to diameter (L/D) ratio. A computer model (IDEAS) has been developed in the mining 
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industry to predict the performance of regenerable IX systems with multiple elution solutions 
during scale-up (Nikkah, undated). Another publicly available numerical model of regenerable 
IX systems is Computer Aided Design for Ion Exchange (CADIX) 
(http://www.dow.com/liquidseps/design/cadix.htm). Gu (2005) showed that a rinse with dilute 
HCl could remove 75% of the uranium from the resin bed but only 0.1% of the perchlorate. 
Recent, unpublished Calgon tests have shown the benefits of the prewash and rinse additive 
modifications to the regeneration process. These rinse sequences are discussed further in 
Sections 5.5.3, 5.7.2, 6.20 and 6.11 of this report. 

5.1.3.2 FWC Demonstration Experimental Design – Ferric Chloride Regeneration 

During the FWC project, we determined the number of bed volumes required for regeneration 
through the examination of the regeneration elution curve. We also examined the required 
readjustment of the regenerant following recycling to attain rebalance, the buildup of impurities 
in the regenerant solution and the required purge rate of the regenerant. 
 
We demonstrated the performance of the regeneration process at the 20 ft3 (0.6 m3) regeneration 
vessel scale. The regenerations were performed in Pittsburgh using resin that was saturated with 
perchlorate in FWC. Prior to moving the resin from the loading/shipping vessel into the 
regeneration vessel the resin was washed with a dilute acid solution that was routed to disposal. 
This rinse was expected to remove uranium but was not expected to remove substantial 
perchlorate.  
 
The regeneration itself was performed in vessel V-1 as shown in Figure 5-1. We sampled the 
spent regenerant during regeneration and frequently analyzed the samples for the following 
limited parameter list – perchlorate, nitrate, sulfate, iron, chloride, and pH. Other parameters 
were analyzed at the frequencies given in Table 5-1. This allowed a perchlorate mass balance to 
be calculated. 
 
During this demonstration, we documented impurity accumulation. Despite the resin’s 
selectivity, small concentrations of other anions, beside perchlorate, were exchanged onto the 
resin, including nitrate, sulfate, and bicarbonate. In addition, other typical groundwater 
constituents including hardness, organic matter, and particulate matter, could be accumulated to 
varying degrees on or in the resin through physical and/or chemical processes. The prewash step 
was intended to minimize the buildup of these impurities in the regeneration loop. By analyzing 
for these and other impurities during the IX demonstration and regeneration demonstration (in 
regeneration solutions) their elution/buildup during both IX and regeneration could be described. 
This allows for the determination of the volume of regenerant purge necessary to control the 
impurity levels in the regenerant loop. We did not however conduct any impurity analysis of the 
solid phase resins.  
 
Uranium (as U3O8

-) is captured by all anion IX systems to some extent. Uranium is responsible 
for approximately 80 percent of the aqueous gross alpha radiation in Fontana groundwater. As 
EPA has noted: 
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“Treating water to remove naturally occurring radioactive material (NORM) results in residual streams 

that are classified as "technologically enhanced naturally occurring radioactive materials," or TENORM. 

TENORM is defined as naturally occurring materials, such as rocks, minerals, soils, and water, whose 

radionuclide concentrations or potential for exposure to humans or the environment is enhanced as a 

result of human activities (e.g., water treatment). Numerous regulations govern the disposal of waste 

streams containing radionuclides (although there are no federal waste disposal regulations specifically 

for TENORM wastes), and their interaction is complex. States and disposal facilities can place 

additional restrictions on TENORM disposal. Liquid and solid residuals classified as TENORM may 

contain nonexempt levels of radioactive material.” 

http://www.epa.gov/nrmrl/wswrd/dw/smallsystems/residuals.html 

However, bi-functional resins are less sensitive than many other resins to uranium accumulation 
because they are designed to reject multi-charged anions, such as sulfate and uranyl carbonates, 
with relatively high hydration energies (DTSC, 2004; Nyer 2001; Gu et al., 2005). More 
importantly, the sorbed uranium on bi-functional resin can be easily rinsed off with a dilute acid 
solution without substantially desorbing the perchlorate, and mixed waste issues should thus be 
avoided (Gu et al., 2005). Finally, as noted below, uranium accumulation in the regenerant 
stream can be managed through a small percentage purge. Uranium monitoring was conducted 
for the loading, regeneration and destruction streams to allow us to evaluate the significance of 
this issue. 
 
We also included prewash and rinse water treatment and/or disposal within the demonstration. 
After the regenerant was used, dilute acid, rinse water and in some cases an aqueous solution of a 
common, nontoxic inorganic base was utilized to remove the tetrachloroferrate ion that occupies 
the IX sites on the resin. The rinse waste reaches a very low pH because of the 4 M HCl of the 
regenerant and requires neutralization prior to disposal. However, if the process is properly 
managed, the rinse should contain minimal perchlorate (Edwards AFB data supports this 
conclusion). The rinse waste management technical and cost elements have had relatively little 
study in the other pilot demonstrations. Although some of these rinses could be disposed to 
municipal wastewater systems with proper pretreatment and/or permitting, offsite disposal was 
used in this study.  
 
While 20 BVs of rinse water and/or dilute acid has been suggested as the requirement to remove 
the regenerant from the resin bed after regeneration, a more detailed effort was undertaken 
during this project to gather data that could be used to optimize this parameter. The key effluent 
parameters of perchlorate, and iron were plotted versus BVs of rinse to determine the minimum 
required volume of rinse water to allow for re-installation of the resin while meeting the water 
quality requirements. 
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5.1.4 Experimental Design – Destruction Unit Process 

5.1.4.1 Literature Review regarding Critical Design and Operating Factors for Perchlorate 
Destruction Unit Process 

The perchlorate destruction unit process has had the least testing of the three unit processes in 
this integrated system. However, perchlorate destruction testing has been performed at the 
laboratory scale (both bench and flow reactors) using regenerant from resin used for perchlorate 
treatment at Edwards AFB in California (Gu et al., 2003b). The reaction rate was determined to 
be pseudo first-order in perchlorate based on the assumption that protons were in large excess 
and ferrous iron was relatively constant. The rate constant was determined over a range of 
temperatures and iron concentrations by observing concentration vs. time profiles over several 
hours. The rate constant in batch reactors was determined at four temperatures between 110 and 
195 °C (230 and 383 °F) at two different iron concentrations (Table 5-2). At 195 °C (383 °F) the 
reaction was essentially complete in 1 hour, while at 170 °C (338 °F) the reaction was essentially 
complete in 3 hours. The flow-through testing was conducted at flow rates from 5.2 to 24 
mLs/hour (0.03 to 0.21 GPD), with temperatures from 140-170 °C (284-338 °F), pressures from 
160-310 psi (1,100-2,140 kPa) and residence times between 1.5 and 6.9 hours (Table 5-3). A 
substantially larger reactor (37 GPD [0.14 m3/day]) was then constructed at Calgon’s Pittsburgh 
facility, which was used for the testing for the FWC project.  
 
Table 5-2. Estimated First Order Rate Constants (k) for Reduction of Perchlorate at Low 

and High Fe (II) Concentrations in FeCl3-HCl Regenerant Solution at Varying 
Temperaturesa (Reprinted from Gu 2003a)  

Low Fe(II) High Fe(II) Temp. 
(°C/°F) k (h-1) R* k (h-1) R 
110/230 0.002 0.963 0.005 0.996 

140/284 0.036 0.970 0.194 0.998 

170/338 0.573 0.944 1.393 0.992 

195/383 1.431 0.952 5.233 0.998 
a R is the linear regression coefficient for plots of ln(C/C0) against reaction time (h)  
Reprinted from (Gu 2003a) 
 

 
Table 5-3. Degradation of Perchlorate in a Flow-Through Reactor at Various Flow Rates, 

Temperatures, and Pressuresa (Reprinted from Gu 2003a) 

Flow 
(mL/h) 

Res. Time 
(h) 

Temp. 
(°C/°F) 

Pressure 
(PSI) 

Effluent ClO4
- 

(mmol/L)b 
ClO4

- Degraded 
(%) 

5.2 6.9 140/284 200–220 4.3 ± 0.2 95.3 

12.0 3.0 170/338 230–260 1.9 ± 0.2 97.9 

5.2 6.9 170/338 160–170 0.2 ± 0.1 99.8 

18.0 2.0 170/338 290–310 1.7 ± 0.1 98.2 

24.0 1.5 170/338 260–280 3.5 ± 0.2 96.1 
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a Constant flow rate was achieved using an inert HPLC pump, and the backpressure at the effluent exit was controlled arbitrarily 
using HPLC Peek tubes with different internal diameters and lengths. The initial influent concentration was ~90 mmol/L ClO4

-. 
b Stable effluent ClO4

- concentrations were measured after ~100 mL of the influent ClO4
- solution (or ~3 times the reactor 

volume) had passed through the reactor at a given temperature and pressure. 
Reprinted from (Gu 2003a) 
 

5.1.4.2 FWC Demonstration Experimental Design – Perchlorate Destruction Unit Process 

To evaluate perchlorate destruction module performance and scalability, the tantalum destruction 
module was operated at a range of conditions, as tabulated in the results section: 
 

• Flow rates generally between 20-63 mls/min (0.32 to 1 gallons per hour). Intermittent 
higher readings were observed but likely reflect flow rate variation due to gas bubble 
buildup in the system. 

• Temperatures between 169 and 190 °C (336 and 374 °F) 

• Pressure held relatively constant at 150-250 psi (1,034-1,723 kPa) (intended to hold 
the fluid in the liquid state). 

 
The 1 GPH (0.09 m3/day) scale represents an approximate 400-fold increase over a bench-scale 
perchlorate destruction flow through unit used in the laboratory (Gu et al., 2003a). The ability to 
scale-up the reactor further can be determined based on both theoretical analysis and actual 
experience. The scalability of the kinetics of this plug flow reactor were verified by comparing 
the effluent perchlorate concentration (and thus kinetic rate constant) observed with the larger 
scale destruction module tested during this program versus what would have been predicted from 
previous smaller-scale destruction efforts. 
 
The purpose of the perchlorate destruction module is the oxidation of the ferrous ion and the 
corresponding reduction of the perchlorate ion to chloride. While laboratory studies show > 99 
percent removal for the perchlorate destruction reaction, the effect that impurities common in 
drinking water supplies may have on this process had not been fully evaluated. The Gu work 
(2003a) used regenerant from Edwards AFB resin (and this water has much different ratios of 
other ions to perchlorate, as discussed in Section 5.1.3.1). This project demonstrated the 
perchlorate destruction performance of the technology with regenerant solution from a second 
site that has a variety of anticipated impurities including nitrate, sulfate, calcium, magnesium, 
and other contaminants. 

5.2 BASELINE CHARACTERIZATION 

This demonstration project was conducted on groundwater that was pumped from a perchlorate-
impacted aquifer that is contaminated on a regional-scale (see Section 4). The perchlorate plume 
is a very large plume that affects the region where the demonstration was conducted, and the 
production wells have a high yield, thus the local demonstration site cannot be feasibly 
characterized using the same tools as a remediation project. In the previous section however, the 
physical elements of the demonstration site were described—two groundwater extraction wells, 
perchlorate treatment system, distribution reservoir, percolation pond—as well as the location of 
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the site. The demonstration site can be described as a reasonably “typical” example of a site 
where a drinking water perchlorate treatment system might be located. Although the baseline 
perchlorate concentration only modestly exceeds California’s 6 µg/L MCL, such sites often 
receive active treatment. The chemistry of the groundwater that was used in the demonstration is 
typical of groundwater that is treated in the California Inland Empire, however, the average 
perchlorate concentration is slightly lower, and the average nitrate concentration is slightly 
higher than at other perchlorate treatment systems in the area. 
 
For the purposes of this project, the baseline was defined as the untreated water as pumped, 
during routine operation from wells FWC-17B and/or FWC-17C. Which wells were operated at 
which times were controlled by the needs of the FWC and its customers. As shown in Figures 4-
3, 4-4 and 4-5 history shows there is some variability in the concentrations of nitrate and 
perchlorate in these wells, which is likely a function of regional hydrogeology and the pumping 
rate and well packer depth adjustments made to these supply wells. A statistical analysis of the 
influent concentration during the demonstration is presented in Table 5-4. 
 

Table 5-4. Influent Perchlorate Concentration Statistical Analysis  

Mean 7.97 

Standard Error 0.14 

Median 7.7 

Standard Deviation 1.26 

Minimum 5.0 

Maximum 11.0 

Count 82 

 
 
During the demonstration itself, influent water quality was routinely monitored by ARCADIS 
using the same methods used for effluent quality as discussed in Section 5.6. 
 

5.3 TREATABILITY OR LABORATORY STUDY RESULTS 

The primary technologies being tested did not undergo any treatability or laboratory studies 
specific to this demonstration site. However a simulated distribution system test was undertaken. 

5.3.1 IX Simulated Distribution System Analysis 

ARCADIS conducted simulated distribution system (SDS) testing on the IX system effluent on 
two occasions to determine the potential for disinfection byproduct generation following IX and 
disinfection. 
 
For the first SDS testing event, the ARCADIS Durham, North Carolina Treatability Laboratory 
received three 2.5 gallon containers of IX effluent (IX-EFF-07-09-26) on 9/28/07. For the second 
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SDS testing event, three additional 2.5 gallons containers of IX effluent (IX-EFF-08-07-31) were 
received on August 1, 2008. For each test, the received effluent was consolidated into one 
container from which five tests were prepared, each in 4-L amber jugs with Teflon lined caps 
that were filled to zero headspace. Bleach dosing and incubation time is shown in Table 5-5. All 
samples were incubated in the dark at 21 ºC (70 ºF) for the duration of their incubation period. 
 

Table 5-5. Simulated Distribution System Test Matrix (Performed on Two Occasions) 

SDS Sample Name Bleach Dose Incubation Period Description 
SDS-IX-24hr-1 1.25 mg/L 24 hours Chlorinated 24 hour 
SDS-IX-24hr-2 1.25 mg/L 24 hours Chlorinated 24 hour duplicate 
SDS-IX-7D-1 1.25 mg/L 7 days Chlorinated 7 day 
SDS-IX-7D-2 1.25 mg/L 7 days Chlorinated 7 day duplicate 
SDS-IX-7D-C 0 7 days Control 

 
 
During the course of the first testing event’s incubation period the 4-L amber jugs showed a 
propensity to fracture due to expansion of water with temperature in zero headspace jugs. The 
fractured jugs did not break outright until their lids were removed to collect samples for the 
analysis being conducted. Sample SDS-IX-24hr-2 fractured and the resulting water loss 
prevented complete filling of a sample for N-Nitrosamine analysis and the collection of a 
residual free chlorine sample (in the data summary tables this is indicated by ‘lost sample’). 
Sample SDS-IX-7D-C was also found to be fractured. Upon opening, the jar fractured in a 
manner that its entire contents were lost for analytical analysis. Therefore, this sample was 
repeated using the same consolidated effluent sample (IX-EFF-07-09-26) and following identical 
test conditions as the previous 7 day samples.  
 
At the end of the test incubation all samples were analyzed for the following depending on 
available sample volume:  
 
By the ARCADIS Durham Treatability Lab for:  
 

• Free chlorine by HACH DPD Free Chlorine test program #9  

 
By Weck Laboratories for:  
 

• TOX (Total Organic Halides) by Method SM5320B  

• HAAs (Haloacetics acids 6 compounds + HAA5) by EPA Method 552.2  

• THMs (Trihalomethane) by EPA Method 524.2  

• Nitrosamines (including NDMA, NDEA, NDPA) by EPA method 521.  

Results of the simulated distribution test are reported in Section 5.7.4. 
 

5.4 DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS 
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5.4.1 Overview of Design and Layout 

The field-scale demonstration included testing on an IIX system (Figure 5-5) that was operated 
between 150 and 175 GPM. The demonstration system was designed by ARCADIS and Calgon, 
and was operated at FWC wells, FWC-17B and FWC-17C because the wells delivered an 
adequate supply of water and the site could accommodate the discharge flow rate of the system 
in the on-site, NPDES-permitted percolation pond. 
 
 

5.4.2 FWC Demonstration Experimental Design – Ion Exchange Unit Process  

At full-scale perchlorate treatment sites that utilize this regenerable IX technology, it is 
anticipated that the majority of resin beds will be able to operate for approximately one year 
between resin regenerations and that the resin will be reusable for six (6) to eight (8) 
load/regeneration cycles. Given the relatively short duration of this demonstration and the need 
for multiple load/regeneration cycles (four load cycles and three regeneration cycles), the 
demonstration was conducted at a higher ratio of flow rate-to-bed volume than would normally 
be used at full-scale, so that perchlorate breakthrough would be achieved more rapidly than at 
full-scale perchlorate systems and the demonstration could be completed in a reasonable time 
period. This was accomplished by reducing the volume of resin while maintaining a face velocity 
typical of commercial operation to maintain a comparable mass transfer zone and breakthrough 
profile. Other IX treatment systems in Southern California commonly operate at a flow rate-to-
bed volume ratio between 2.4 GPM per cubic foot (GPM/Ft3) of resin and 5.4 GPM/Ft3 (Calgon 
Carbon Corporation, personal conversation with Charles Drewry), while the demonstration 
system operated between 7.5 GPM/Ft3 at 150 GPM and 8.8 GPM/Ft3 at 175 GPM. Given the 
relatively short mass transfer zone of IX, the increased flow rate-to-bed volume ratio was not 
expected to affect system performance.  
 
Another significant difference between the demonstration scale system and the anticipated full-
scale application of the IIX technology was the use of only one batch of resin. In a full-scale 
system multiple batches of IX resin would be used in multiple beds in either lead-lag or parallel 
configuration. When a batch of resin becomes exhausted it would be returned to a centralized 
treatment facility and would immediately be replaced with a fresh batch of regenerated or virgin 
resin. The exhausted resin would then be regenerated and returned to the facility long before it 
would be needed as a replacement. For this demonstration however, only one batch of resin was 
used and the system was shutdown while this batch was being regenerated. This experimental 
design was necessary to limit the cost and duration of the demonstration, and to allow the affects 
of multiple regenerations on a single resin batch to be studied. 
 
The installed on-site demonstration system was comprised of a 36” x 72” (0.9m x 1.8 m) 
fiberglass reinforced plastic (FRP) IX vessel, an interconnecting piping manifold, process 
instrumentation (e.g., pressure gauges, flow meters, etc.), booster pump, pre-filter system, 
schedule 80 PVC pipe and fittings, and four-inch industrial, chemical-resistant rubber hoses that 
connected the IX vessel to the influent and effluent piping manifold. Piping was supported by 
steel slotted-hole C-channel (i.e., unistrut). The vessel contained approximately 20 ft3

 (0.6 m3 of 
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Purolite A-530E perchlorate-selective resin (as manufactured). The vessel was operated at an 
average flow rate of approximately 66 BV/hour (165 GPM), and took approximately three to 
four months before perchlorate saturation. Upon reaching perchlorate saturation, the resin was 
removed from the vessel and shipped back to Calgon’s facility in Pittsburgh for regeneration and 
perchlorate destruction. The resin was regenerated three times during the demonstration.  
 



 

Figure 5-5. Process Flow Diagram, IIX Demonstration Project 
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The off-site regeneration system and perchlorate destruction module were fabricated and 
operated in Calgon’s facility in Pittsburgh, and did not require any on-site setup for this 
demonstration. 
 
The existing, full-scale perchlorate treatment system at FWC does not utilize pre-filtration, and 
particulate accumulation on their resin is minimal; however, most full-scale perchlorate 
treatment systems in Southern California do utilize pre-filtration. The demonstration system was 
equipped with a pre-filtration system—a Tekleen Model LPF4-LP equipped with a Tekleen 
Model GB6-LPF automatic backwash controller that included a differential pressure switch to 
activate the backwash cycle. Towards the end of the demonstration, the pre-filter system was 
removed from service because it required repairs.  
 
The demonstration system booster pump was used when one of the two FWC well pumps was 
operational (FWC turns off one, or both, of their well pumps during low-demand times or when 
high nitrate concentrations existed—FWC continuously monitored nitrate concentrations with 
on-line sensors). When both FWC well pumps were off the demonstration system was also off. 

5.5 FIELD TESTING 

5.5.1 Installation and Startup – FWC Operations 

A concrete pad was installed at the FWC site to contain the demonstration system. The system 
components were anchored to the concrete pad. After the demonstration system was anchored, 
the following activities were completed: 
 

• A system influent pipe (including associated valves, fittings, etc.) was installed from 
the existing full-scale perchlorate system influent manifold to the booster pump 
suction 

• Piping was installed from the booster pump discharge to the pre-filter system, the pre-
filter system to the demonstration system influent manifold, and from the 
demonstration system effluent manifold to the percolation pond discharge pipe 

• Electrical conduit and wiring were installed from the electrical disconnect to the 
booster pump motor, pre-filter, and electric isolation valve 

• A low pressure switch was installed in the FWC treatment system’s influent manifold 
that acted as an interlock to start the demonstration system’s booster pump (the 
booster pump was only started if the influent manifold reached a minimum pressure 
setpoints) 

• Process controls, pressure gauges, and a flow meter were installed 

 
Once the system was installed, the following activities were performed: 
 

• The piping components were pressure tested to check for leaks. 
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• The battery-powered flow meter was checked for proper operation and calibrated 
with a bucket and stopwatch. 

• The entire piping system was disinfected with chlorine. The disinfection process 
followed American Water Works Association (AWWA)-approved procedures. 

• 20 Ft3
 (6.8 m3) of resin was installed in the IX vessel. 

• The resin was backwashed with potable site water. This procedure was repeated when 
fresh resin was reloaded. Some visible loss of resin occurred during each backwash 
step. Data Analysis corrected for this resin loss. Future applications should include a 
modified header to avoid this problem. 

 
The system start-up entailed opening and closing process valves to allow groundwater to flow 
from the existing full-scale treatment system’s influent manifold to the booster pump, pre-filter, 
demonstration IX vessel, and percolation pond. A flow rate of approximately 150 GPM (0.6 
m3/min) through the IX system was established during startup. 

5.5.2 IX System Operations - FWC 

The field-scale demonstration IX system operated between January 17, 2007 and December 11, 
2008—approximately 474 operational days, treating over 110 million gallons or 1.00 million 
BVs of perchlorate-impacted groundwater during this period.  
 
Groundwater was treated by the demonstration system until the resin was saturated with 
perchlorate, at which time the IX vessel (and resin) was shipped to Calgon’s facility in Pittsburgh 
for resin regeneration and perchlorate destruction. Following resin regeneration, the IX resin was 
re-loaded into the IX vessel, returned to FWC, and resumed operation for another 
load/regenerate cycle. This cycle was repeated three times during the demonstration period. Thus 
the reason the system was only operated 474 days out of the 694 elapsed days is primarily as 
discussed above: only one batch of resin was used and the system was shut down while the batch 
was shipped across the country, regenerated and shipped back.  
 
An average flow rate of 165 GPM was processed by the IX vessel throughout the entire 
demonstration. At startup and throughout the first load cycle, the target flow rate was 150 GPM. 
During the second cycle the target flow rate was increased to 160 GPM. The third and fourth 
cycles were operated at a target flow rate of 175 GPM. The target flow rate was increased to 
ensure that the desired number of cycles could be completed in a reasonable time period.  
 
Due to atypical resin loss during backwashing, a result of the demonstration system header, and 
due to sampling, the volume of resin changed slightly through the demonstration. Field 
measurements of the volume of chloride exchanged resin were used to adjust the BV through the 
sequential loading cycles. During the first perchlorate loading cycle, 115 gallons of resin were in 
the treatment vessel and thus one bed volume was equal to 115 gallons. The volume of resin in 
the second, third, and fourth loading cycles was slightly less: 112, 107, and 107 gallons 
respectively and the calculation of bed volume was adjusted commensurately during those cycles 
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Initial perchlorate breakthrough during the first load cycle was observed at ~109,000 BVs. The 
vessel continued operating until perchlorate saturation (defined as an effluent perchlorate 
concentration of 90 percent, or more, of the influent perchlorate concentration) was observed at 
~219,000 BVs. In June, 2007 the IX vessel was shipped to Calgon’s Pittsburgh facility for resin 
regeneration and destruction. When the vessel arrived in Pittsburg, the piping coming off the 
bottom was discovered to have been broken in shipment. This was repaired and had no affect on 
the project other than a slight delay. The vessel was shipped back and the second load cycle was 
started on August 8, 2007.  
 
Initial perchlorate breakthrough during the second load cycle was observed at ~131,000 BVs. 
The vessel continued operating until perchlorate saturation was observed at ~200,000 BVs. In 
December, 2007, the IX vessel was again shipped to Calgon’s facility for resin regeneration and 
destruction. The vessel was shipped back to FWC and the third load cycle was started on January 
2, 2008.  
 
Initial perchlorate breakthrough during the third load cycle was observed at ~98,000 BVs. The 
vessel continued operating until perchlorate saturation was observed at ~230,000 BVs. The IX 
vessel was again shipped to Pittsburgh for resin regeneration in May 2008. The vessel was 
shipped back to FWC in July 2008, and the final load cycle was started on July 24, 2008.  
 
Initial perchlorate breakthrough during the final load cycle was observed at ~110,000 BVs. The 
vessel continued operating until perchlorate saturation was observed at ~298,000 BVs. 
 
During the demonstration, the system operated at 95 percent uptime efficiency (the designed 
downtime caused by using only one batch of resin was used for demonstration purposes, and is 
not included in this statistic). The majority of the demonstration system’s downtime was not 
directly attributable to the demonstration system, but was mainly caused by shut downs of the 
larger FWC system which hosted the demonstration. The primary causes of downtime that were 
attributable to the IX demonstration system are summarized in Table 5-6. Note that even these 
shut downs are not particularly related to the media used, but rather to the bed hardware. 
 

Table 5-6. Downtime Occurrences of the Demonstration System 

Date 

System Down-
Time 

(Minutes) Reason for System Down-Time 

2/7/2007 68 Repaired two leaks on system pre-filter pressure gauge 
connections 

8/20/2007 14,295 Major hose leak 
9/26/2007 1,610 Ruptured 4" ball valve on IX bypass 
9/28/2007 1,769 Ruptured 4" ball valve on IX bypass 
1/14/2008 106 Shut down system to replace 1 1/2" plugs 
11/21/2008 4,176 Broken 2" ball valve 
11/25/2008 5,859 Broken 2" ball valve 
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The primary causes of downtime that were not related to the demonstration system included 
pumping interruptions of the supply wells, media change-outs on the site’s full-scale treatment 
system, power failures, and routine and non-routine maintenance activities on the full-scale 
system. While the demonstration system was installed in parallel with FWC’s full-scale 
treatment system (not in series) whenever the FWC system was down, the wells supplying both it 
and the demonstration system were shut off. The demonstration system was shut down during a 
FWC system IX resin change-out (1/26/07), FWC preventative maintenance (2/14/08), FWC 
telemetry system failure and repair (2/21/07 through 2/28/07), power failures (4/18/07 and 
5/16/07), high nitrate concentrations (10/16/08 and 10/24/08), and FWC saturated resin and 
system shut off (12/11/08). Ignoring non-demonstration system related downtime, the overall 
uptime efficiency was 97 percent, the first load cycle uptime efficiency was 99.9 percent, the 
second load cycle uptime efficiency was 88.6%, the third load cycle uptime efficiency was 99.9 
percent, and the fourth load cycle uptime efficiency was 95.0 percent. 
 
Routine activities performed during O&M of the IX system included the following: 
 

• Monitoring and recording of process data including pressures, flow rates, water and 
ambient air temperatures, and cumulative volume treated—performed by ARCADIS’ 
personnel and FWC’s California DPH (formerly California DHS)-certified water 
treatment system operators 

• Obtaining influent and effluent water samples for process performance monitoring—
performed by ARCADIS’ personnel 

• Preparing the IX vessel for shipment to Calgon—performed by ARCADIS’ personnel 

• Resin regeneration and perchlorate destruction —performed by Calgon 

• Re-installing regenerated resin into the IX vessel and shipping vessel back to FWC—
performed by Calgon 

• Inspecting the system for water leaks and process upsets—performed by ARCADIS’ 
personnel when on site (approximately weekly) and FWC personnel on a daily basis 

5.5.3 Regeneration Operations – Pittsburgh 

The sequence of regeneration unit processes is outlined in Table 5-7. A simplified process flow 
diagram of the system is provided as Figure 5-6. Detailed process diagrams for this system are 
given as Figures 5-1, 5-2 and 5-3. 
 
The regeneration sequence was performed three times from: 
 

• July 9, 2007 – July 20, 2007 

• Dec 12, 2007 – Dec 19, 2007 

• June 9, 2008 – July 1, 2008 

Detailed information on regeneration operating parameters is discussed along with the results in 
Section 5.7.2. The volume of the resin changed through the demonstration due to resin loss. In 
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addition, the density and volume of resin changes depending on the ion composition of the resin. 
The volume of resin regenerated varied from 115 gallons to 107 gallons on a chloride exchanged 
resin basis, the form installed for treating drinking water in this demonstration. 

5.5.4 Destruction Unit Operations – Pittsburgh 

The destruction unit is illustrated as Figure 2-3. Engineering design drawings of the destruction 
unit are provided as Figures 5-7 and 5-8. 
 

 

Figure 5-6. Simplified Process Flow Diagram of Regeneration and Destruction 
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Table 5-7. Resin Regeneration Steps 

Step # Description Vessel To Upflow /
Downflow BVs Flow Rate

gpm
Time

(hours)

1A move resin vessel + resin into position resin vessel

1B connect DI back wash system to resin vessel resin vessel DI system

1C  DI Backwash - Resin backwashed to remove all 
particulate material with DI water. DI system Upflow 15 1

1D Drain Water Wash Waste tank downflow

2A Diluted Acid Wash - The resin will be washed 
with 0.1 N HCl. HCl mixed on-line. resin vessel uranium waste tank upflow 10 2 10

2B Drain diluted acid resin vessel uranium waste tank downflow
2C DI wash - to remove any residue acid resin vessel waste tank downflow 3 2 3

2D
remove resin vessel outside, transfer resin from resin 
vessel to regeneration vessel and move the 
regeneration vessel into position

resin vessel regeneration vessel

3A regeneration 
vessel drums upflow 2

3B regeneration 
vessel tank D and E upflow 4

4A Dilute Acid Rinse - The resin will be rinsed with 0.1 N 
HCl. drums downflow 2 1.6 2.4

4B Dilute Acid Rinse - Downflow waste tank Downflow 2 1.6 2.4

5 Deionized Water Rinse - The resin will be rinsed with 
deionized water.

regeneration 
vessel waste tank Downflow 6 1.6 7.2

6 Nontoxici inorganic Rinse - Resin will be rinsed with a 
0.2 N  Solution.

regeneration 
vessel waste tank Downflow 4 1.6 4.8

7 Final Deionized Water Rinse regeneration 
vessel waste tank Downflow 6 1.6 7.2

regeneration 
vessel resin vessel8

Regeneration - Resin will be regenerated with 6 BV of 
4 M HCl and 1 M FeCl3.

240.48

move regeneration vessel, transfer resin from 
regeneration vessel back to resin vessel, measure 
resin height, drain water and the resin &resin vessel is 
ready to be shipped back to CA

resin vessel

regeneration 
vessel

2
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Figure 5-7. Destruction Unit with Tantalum Heating and Cooling Coils Component Views 
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Figure 5-8. Destruction Unit with Tantalum Heating and Cooling Coils Integrated System 
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The two primary periods of destruction module operation were from: 
• October 3, 2007 – November 21, 2007 
• January 24, 2008 – March 24, 2008 

 
Operational conditions and events for the destruction unit are discussed with the results of this  
unit process in Section 5.7.3. Among the components of the perchlorate destruction system that 
required maintenance or replacement during the demonstration were: 

• Back-pressure regulator 
• Immersion heating element 
• Junction between plastic tubing leading from pump and tantalum tubing of destruction 

system 
• Solution feed pump 

During operation of the perchlorate destruction system, process control difficulties were 
experienced including pressure fluctuations in the reactor. These pressure fluctuations were 
attributed to gas generation (likely nitrogen). One method that was managed was used to 
minimize the pressure fluctuations was to manage the influent stream fed to the destruction 
reactor to moderate the nitrate concentration. 
 
The back-pressure regulator was originally a simple capillary that was subject to clogging, but 
this was later changed to a back-pressure regulator equipped with a pressure relief valve in late 
October/early November 2007. An additional check valve was also added to isolate the pump 
from the system in late October/early November 2007. 
 
A problem occurred in August 2007 when a leak was observed at the connection between the 
plastic tubing leading from the pump and the tantalum tubing of destruction system. This led to a 
small, but secondarily-contained leak of acidic solution from the perchlorate destruction reactor 
when an operator tried to repair the leak without first properly cooling the unit. An additional 
length of tantalum tubing was added to the system to cool the location where the plastic and 
tantalum connect. 
 
Pump seals were subject to leakage and required frequent replacement. Pump heads also required 
frequent replacements.  

5.5.5 Demobilization - FWC 

Spent IX resin will be transported off-site for destruction at the Covanta Stanislaus Waste-to-
Energy facility in Crows Landing, California. The Covanta Stanislaus facility routinely disposes 
of spent perchlorate IX resins. 
 
All demonstration piping and equipment will be removed from the site, and will be either 
properly disposed of or returned to Calgon (the IX vessel, manifold, and hoses). The concrete 
pad will either be left in place or demolished and removed from the site, as directed by FWC. If 
the concrete pad is demolished, the ground surface will be returned to pre-demonstration 
condition. 
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5.5.6 Schedule 

An overall project Gantt chart is provided as Figure 5-9. 
 

Cycle 1

Cycle 2 

Cycle 3 

Cycle 4

Ion Exchange Operation-
Fontana

Regeneration-Pittsburgh

Destruction-Pittsburgh

 

Figure 5-9. Project Operational Gantt Chart 
 
 

5.6 SAMPLING METHODS 

5.6.1 Data Collection 

The primary chemical sampling and monitoring procedures for performance verification in the 
project are listed in Table 5-8 for each unit process. The analytical methods are further detailed 
in Table 5-9. All of the analyses listed in Table 5-8 and Table 5-9 were performed by Weck 
laboratories except radon provided by Kellco, and confirmatory perchlorate analyses by Severn 
Trent Laboratories. All samples from the IX system were collected by ARCADIS personnel. All 
samples from the regeneration and destruction processes were collected by Calgon personnel 
operating under ARCADIS oversight. 
 
Additional engineering/economic parameters were measured and recorded for each unit process. 
These are summarized in Table 5-10 (IX), Table 5-11 (regeneration), and Table 5-12 
(perchlorate destruction). These include some additional/repeated chemical analyses conducted 
in Calgon’s Pittsburgh facility and by their subcontractor Severn Trent Laboratories in 
Sacramento, California. 
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Table 5-8. Total Number and Types of Samples Collected 

Process Matrix Number of Samples Analyte Locations 

Water Weekly Samples Perchlorate by 314 System Influent and 
System Effluent 

Water 6 Perchlorate by 332.0 System Influent and 
System Effluent 

Water Weekly Samplesc Physical/Chemical 
Parametersa 

System Influent and 
System Effluent 

Water Bi-Weekly Samplesc Chloride and Fluoride System Influent and 
System Effluent 

Water Monthly Samples Title 22 Metals and Major 
Cationsb 

System Influent and 
System Effluent 

Water Monthly Samples Dissolved Fe, Mn, U System Influent and 
System Effluent 

Water Monthly Samples Gross Alpha System Influent and 
System Effluent 

Water Monthly Samples Total Fe, Mn, As, U System Influent and 
System Effluent 

Water Monthly Samples VOCs System Influent and 
System Effluent 

Water Monthly Samplesd SVOCs System Influent and 
System Effluent 

Water Bi-Weekly Samplesc Nitrosamines System Influent and 
System Effluent 

IX Unit 
Process 

 
(4 Cycles IX) 

Water Monthly Samples Radon System Influent and 
System Effluent 

Water 23 Perchlorate Regenerant tanks and 
Rinse Solutions 

Water 23 Physical/Chemical 
Parametersa 

Regenerant tanks and 
Rinse Solutions 

Water 20 Chloride and Fluoride Regenerant tanks and 
Rinse Solutions 

Water 12 Title 22 Metals and Major 
Cationsb 

Regenerant tanks and 
Rinse Solutions 

Water 12 Dissolved Fe, Mn, U Regenerant tanks and 
Rinse Solutions 

Water 11 Gross Alpha Regenerant tanks and 
Rinse Solutions 

Water 18 Total Fe, Mn, As, U Regenerant tanks and 
Rinse Solutions 

Water 20 VOCs Regenerant tanks and 
Rinse Solutions 

Water 16 SVOCs and N/P Pesticides Regenerant tanks and 
Rinse Solutions 

Regeneration 
Unit Process  

 
(3 Cycles 

Regeneration) 

Water 23 Nitrosamines Regenerant tanks and 
Rinse Solutions 

Water 9 Perchlorate System Influent and 
System Effluent 

Water 9 Physical/Chemical 
Parametersa 

System Influent and 
System Effluent 

 9 Chloride and Fluoride System Influent and 
System Effluent 

Destruction 
Unit Process 

 
(2 Cycles 

Destruction) 

Water 9 Title 22 Metals and Major System Influent and 
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Process Matrix Number of Samples Analyte Locations 
Cationsb System Effluent 

Water 9 Dissolved Fe, Mn, U System Influent and 
System Effluent 

Water 7 Gross Alpha System Influent and 
System Effluent 

Water 9 Total Fe, Mn, As, U System Influent and 
System Effluent 

Water 9 VOCs System Influent and 
System Effluent 

Water 9 SVOCs and N/P Pesticides System Influent and 
System Effluent 

Water 9 Nitrosamines System Influent and 
System Effluent 

a Physical/Chemical Parameters include: Nitrate, Sulfate, pH, TDS, and TOC 
b Title 22 Metals: Al, Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Ni, Se, Ag, Tl, V, Zn; Major Cations: Na, Ca, K, Mg 
c Beginning on the third Cycle IX, these analysis were reduced to monthly after the first two weeks of each cycle  
d Beginning on the third Cycle IX, this analysis was only performed once, during the first week of each cycle 
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Table 5-9. Analytical Methods for Sample Analysis 

Analyte Method Analytical 
Instrument 

Used 

Detection 
Limit 

Reporting 
Limit 

Major Interferences (Listed only 
for Critical Parameters) 

Perchlorate 314 IC 0.63µg/L 2.0µg/L High mineral content or hardness; 
high concentrations of common 

anions such as chloride, sulfate and 
carbonate 

Perchlorate 332.0 IC-MS/MS   None 
Nitrate 300.0 IC 0.097mg/L 0.50mg/L Co-elution by carbonate and other 

small organic anions; large 
amounts of acetate 

Sulfate 300.0 IC 0.14mg/L 0.75mg/L - 
pH SM4500H Electro - - - 

TDS SM2540C Gravimetric 4mg/L 10mg/L - 
TOC SM5310C UV-Persulfate 0.013mg/L 0.3mg/L - 

Chloride 300.0 IC 0.05mg/L 0.5mg/L - 
Fluoride 300.0 IC 0.1mg/L 0.1mg/L - 

Title 22 Metals 
and Major Cations 

200.7 ICP-AES/ ICP-
MS 

See result 
Sections 
5.7.1.9. 

See Data 
tables in 
Section 
5.7.1.9  

- 

Dissolved Fe 200.7 ICP-AES 0.0048mg/L 0.02mg/L - 
Dissolved Mn 200.7/200.8 ICP-AES/ ICP-

MS 
0.0048mg/L 0.02mg/L - 

Gross Alpha 900.0   1pCi/L - 
Dissolved U 200.7/200.8 ICP-AES/ ICP-

MS 
0.015µg/L 0.20µg/L Changes in viscosity and surface 

tension, especially in samples with 
high dissolved solids or high acid 
concentrations/dissolved solids 

< 0.2% (w/v) recommended 
Total Fe 200.7 ICP-AES 0.012mg/L 0.02mg/L - 
Total Mn 200.7/200.8 ICP-AES 0.0012mg/L 0.010mg/L - 
Total As 200.7/200.8 ICP-MS 0.066µg/L 0.40µg/L - 
Total U 200.8 ICP-MS 0.015µg/L 0.20µg/L Dissolved solids < 0.2% (w/v) 

recommended 
VOCs 524.2 GC/MS See result 

tables in 
Section 
5.7.1.19, 

appendix C  

See result 
tables in 
Section 
5.7.1.19, 

appendix C  

- 

SVOC and N/P 
Pesticides 

525.2 GC/MS See results 
tables in 
Section 
5.7.1.20, 

appendix C, 

See results 
tables in 
Section 
5.7.1.20, 

appendix C, 

- 

NDMA, NDEA 
and NDPA 

1625M or 
521 

GC/MS or 
GC/MS/MS 

0.50ng/L 2.0ng/L Interferences co-extracted from 
samples vary considerably and 

from source to source 
Radon SM7500-Rn 

or EPA 
913.0 

Liquid 
Scintillation 

- 10pCi/L - 
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Table 5-10. Engineering/Economic Parameters for IX Unit Process 

Parameter Method Observer Frequency 
Temperature Thermometer or 

thermocouple 
ARCADIS or FWC 

personnel operating under 
ARCADIS direction 

12 times per month, at 
system influent and system 

effluent  
Flow rate Factory calibrated magnetic 

or mechanical flow meter 
accurate to a minimum of +/-

0.5 percent 

ARCADIS or FWC 
personnel operating under 

ARCADIS direction 

12 times per month, at 
system influent and system 

effluent 

Pressures Factory calibrated pressure 
gauges 

ARCADIS or FWC 
personnel operating under 

ARCADIS direction 

12 times per month, at 
system influent and system 

effluent 
Operational labor 

required and 
adjustments made 

Recorded as worked in 
logbook and/or daily work 
description forms in time 

sheet system 

ARCADIS, FWC and Calgon 
personnel 

Whenever labor was 
performed 

Resin mass and 
volume 

Heavy Load Hydraulic 
Hanging Scale 

Calgon personnel operating 
under ARCADIS direction 

4 times 

Resin bed 
dimensions 

Vessel manufacturer’s 
equipment data sheet and/or 

specification 

Calgon personnel operating 
under ARCADIS direction 

Once during project 

Operational times 
and out of service 

date and times 

Watch set to local prevailing 
time 

ARCADIS, FWC and Calgon 
personnel 

At any time something 
occurred – unit put into or 
taken out of service, media 
changed out, well pump on 

and off 
 
 

Table 5-11. Engineering/Economic Parameters for Regeneration Unit Process 

Parameter Method/ 
Instrument Observer Frequency 

Practical 
Reporting 

Limit 

Reporting 
Units 

Total acidity Hach method – free 
+ total acidity ) 

drop count 
titration) 

Calgon personnel 
(Pittsburgh 
laboratory) 

operating under 
ARCADIS direction 

Approximately 20 
samples per regeneration 

event taken at both 
system influent and 
effluent and during 

rinsing 

 
 

< 5 

 
 

ppm 
(mg/L) 

Perchlorate Ion 
chromatography 

EPA Method 314.1 
modified 

Calgon personnel 
(Pittsburgh 
laboratory) 

operating under 
ARCADIS direction 

Approximately 20 
samples per regeneration 
event and approximately 

20 samples per rinse 
event taken at both 
system influent and 

effluent 

 
< 2.5 

 
ppb (µg/L) 
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Practical Method/ Reporting Parameter Instrument Observer Frequency Reporting Units Limit 
Nitrate 300.1 modified – 

Ion 
Chromatography 

Calgon personnel 
(Pittsburgh 
laboratory) 

operating under 
ARCADIS direction 

Approximately 20 
samples per regeneration 
event and approximately 

20 samples per rinse 
event taken at both 
system influent and 

effluent 

 
 

< 0.1 

 
 

ppm 
(mg/L) 

Sulfate 300.1- modified 
Ion 

Chromatography 

Calgon personnel 
operating under 

ARCADIS direction 

Approximately 20 
samples per regeneration 
event and approximately 

20 samples per rinse 
event taken at both 
system influent and 

effluent 

 
< 0.2 

 
ppm 

(mg/L) 

Total iron Hach Method 8008 
Ferro Ver Method / 
Standard methods 

3111B 

Calgon personnel 
(Pittsburgh 
laboratory) 

operating under 
ARCADIS direction 

Approximately 20 
samples per regeneration 
event and approximately 

20 samples per rinse 
event taken at both 
system influent and 

effluent 

Flame AA : 
0.5 

Hach : 0.02 

 
ppm 

(mg/L) 

Chloride 300.1 – modified 
Ion 

Chromatography 

Calgon personnel 
(Pittsburgh 
laboratory) 

operating under 
ARCADIS direction 

Approximately 20 
samples per regeneration 
event and approximately 

20 samples per rinse 
event taken at both 
system influent and 

effluent 

 
< 0.1 

 
ppm 

(mg/L) 

Regenerant 
volume 

Volumetric 
Containers and/or 

calibrated 
rotameters 

Calgon personnel 
operating under 

ARCADIS direction 

Every bed volume, and 
every sampling event 

1.0 ml Liters 

      
PostWash/Rinse 

volume 
Volumetric 

Containers and/or 
calibrated 
rotameters 

Calgon personnel 
operating under 

ARCADIS direction 

During rinse events and 
sampling events 

1.0 ml Liters 

PostWash/Rinse 
volume 

Volumetric 
Containers and/or 

calibrated 
rotameters 

Calgon personnel 
operating under 

ARCADIS direction 

During rinse events and 
sampling events 

1.0 ml Liters 
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Table 5-12. Engineering/Economic Parameters for Destruction Unit Process 

Parameter Method Observer Frequency 
Practical 

Reporting 
Limit  

Reporting 
Units 

Temperature Thermocouple Calgon personnel 
operating under 

ARCADIS direction 

Hourly at each of 
three heater locations 

0.2 °F °F 

Pressure Gauge – read 
directly 

Calgon personnel 
operating under 

ARCADIS direction 

Hourly 1.0 psi psi 

Flow rate Calibrated metering 
pumpa (calibrated 
with a stop watch 
and a graduated 

cylinder) 

Calgon personnel 
operating under 

ARCADIS direction 

Hourly 1.0 mL/min mL/min 

Operational 
Time/rate 

Watch, local 
prevailing time 

Calgon personnel 
operating under 

ARCADIS direction 

Beginning and end of 
each destruction run, 
noting any stoppages 

1.0 second seconds, 
minutes, 

hours 
Volume treated 

– outlet side 
only 

Volumetric 
glassware or 
gravimetric 

Calgon personnel 
operating under 

ARCADIS direction 

For each destruction 
run 

1.0 ml ml or liters 

Ferrous iron 
concentration 

Hach Method 8146 Calgon personnel 
operating under 

ARCADIS direction 

For each destruction 
run 

< 0.02 ppm (mg/L) 

Quantity of 
readjustment 
agents added 

after 
destruction 

The analysis of the 
recycled regenerant 

will be recorded, and 
compared against the 

acceptance criteria 
for regenerant. Any 
necessary chemical 

or aqueous 
readjustment will be 
noted as to volume 
and/or mass plus 

source 
(concentration 

manufacturer, lot 
and purity) 

Calgon personnel 
operating under 

ARCADIS direction 

For each destruction 
run 

0.1 ml 
or 

0.1 g 

ml, liters 
or 

grams, as 
appropriate 

 

Purge water 
disposal cost 

Invoice Subcontractor to 
Calgon – market 

price 

When sufficient 
purged regeneration 

solutions 
accumulates to 
require disposal 

under RCRA, at least 
once per project. 

$1.00 dollars 
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Practical Reporting Parameter Method Observer Frequency Reporting Units Limit  
Perchlorate Ion chromatography 

EPA Method 314.1 
modified 

Calgon personnel 
(Pittsburgh 

laboratory) operating 
under ARCADIS 

direction 

Inlet and outlet for 
most runs 

 
< 2.5 

 
ppb (µg/L) 

Nitrate 300.1 – modified Ion 
Chromatography 

Calgon personnel 
(Pittsburgh 

laboratory) operating 
under ARCADIS 

direction 

Inlet and outlet for 
most runs 

 
 

< 0.1 

 
 

ppm (mg/L) 

Sulfate 300.1 – modified Ion 
Chromatography 

Calgon personnel 
operating under 

ARCADIS direction 

Inlet and outlet for 
most runs 

 
< 0.2 

 
ppm (mg/L) 

Total iron Hach Method 8008 
Ferro Ver Method / 
Standard methods 

3111B 

Calgon personnel 
(Pittsburgh 

laboratory) operating 
under ARCADIS 

direction 

Inlet and outlet for 
most runs 

Flame AA : 
0.5 

Hach : 0.02 

 
ppm (mg/L) 

a The meter pump calibration can be crosschecked using the volumetrically measured volume treated and the operational time 
 

5.6.2 Experimental Controls 

5.6.2.1 Experimental Controls – IX 

For the IX resin the primary experimental control is the influent water perchlorate concentration. 
The assumption was made that if the IX resin was not operated, the influent and effluent 
concentrations would be equal given that it is the only process unit in the system in FWC. 
Perchlorate data was normally collected on both the influent and effluent sides of the bed 
allowing a direct comparison. 
 
A secondary experimental control for the IX process was the initial several months testing with 
the virgin resin (prior to being regenerated). Since the performance of this resin has been well 
documented at other facilities under similar conditions, the combination of this initial baseline 
data and the literature provides a solid basis for comparing the performance of the fresh resin to: 
 

• Resin regenerated with fresh regenerant 

• Resin regenerated with recycled regenerant 

 

5.6.2.2 Experimental Controls – Regeneration 

An important experimental control for the regeneration process was provided by the performance 
of the resin at the end of its initial two to three month operating period. In other words, we ran 
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the resin to substantial perchlorate saturation so that any perchlorate exchange achieved with the 
regenerated resin after it was returned to service could be reasonably attributed to the 
effectiveness of the regeneration. (IX resins do not normally recover active sites merely by being 
taken out of service and “rested.”) 

5.6.2.3 Experimental Controls – Perchlorate Destruction 

Perchlorate concentration was normally measured both at the influent and effluent of the 
destruction reactor during each test.  

5.6.3 Analytical/Testing Methods 

The primary analytical chemistry testing program for performance verification is outlined in 
Table 5-8 and 5-9. Additional engineering parameters are outlined in Tables 5-10, 5-11, and 5-
12. 
 
Throughout the demonstration, the primary chemical analyses required for performance 
assessment were performed off-site by Weck Laboratories (a California certified Small 
Disadvantaged Business). Their applicable certifications are: 
 

• NELAC Certified (Certificate Number 04229CA) 

• California Department of Health Services Environmental Laboratory Accreditation 
Program (ELAP) Certificate Number 1132 

• Los Angeles County Sanitation Districts Industrial Wastewater Testing. Laboratory 
Identification Number 10143 

 
Extensive information on Weck’s QA programs is provided in Appendix D.  
 
There are several recognized limitations in the use of EPA Method 314 for perchlorate analysis. 
The analysis is 1) subject to false positives due to the unspecific nature of the conductivity 
detector; 2) can be subject to matrix interferences, especially in the presence of high 
concentrations of other anions; and 3) is inappropriate for use in samples with high total 
dissolved solids (TDS) due to interference problems. 
 
For these reasons, six perchlorate samples were submitted to another laboratory for confirmatory 
analysis by Method 332.0 (IC-MS/MS). This method provides for much greater sensitivity, 
eliminates matrix interferences (false positives), and provides for high confidence in compound 
identification. The use of MS/MS in lieu of MS allows for structural information from 
fragmentation (not just the analyzing of molecular ions), and quieter background and better 
chromatography (separation) for difficult samples. There have been no reports of false positive 
results using this technique. The laboratory used for this confirmatory analysis was Test America 
Savannah (GA). Test America Savannah has the following certifications: 
 

• NELAP Accreditation 
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• A2LA Accreditation (ISO 17025) 

• Federal Accreditation through U.S. Navy (NFESC), Army (USACE) and Air Force 
Center of Environmental Excellence - AFCEE approval 

• State certifications in 28 states 

 
For this project method 332.0 and method 314 agreed well (see Section 5.7.1.1). 
 
However some analytical work for process control and optimization was performed in the 
Calgon Pittsburgh facility. In particular, some of the matrices requiring testing are not amenable 
to standard methods and Calgon/ORNL has developed specialized methods. For example, to 
analyze perchlorate on resin we used an analytical test utilizing the ORNL regeneration reagent 
as an extractant on a 10 to 20 ml (0.33 to 0.68 oz) sample, followed by a conventional analytical 
quantification of perchlorate.  

5.6.4 Quality Assurance/Quality Control 

The Quality Assurance Project Plan (QAPP) in Appendix B delineates the project team’s 
approach for monitoring the demonstration to ensure that the facilities, equipment, personnel, 
methods, practices, records, and controls are in conformance with ESTCP-approved data quality 
objectives. The QAPP was developed in accordance with recommended EPA guidance on data 
quality objectives, QAPP preparation, and data quality assessment. 

5.7 SAMPLING RESULTS 

Sampling results will be organized in three major subsections (Sections 5.7.1, 5.7.2 and 5.7.3) 
covering the three major unit processes in IIX: IX, regeneration and destruction. Within each 
subsection results for key contaminant groups will be presented separately. Subsequent briefer 
subsections (Section 5.7.4 and Section 5.7.5) will cover secondary topics such as the simulated 
distribution system test and the handling of rinse water streams. 

5.7.1 IX Unit Process Sampling Results 

The IX process for this demonstration was operated through four complete cycles with a single 
batch of resin, once with virgin resin and then three times with regenerated resin. The number of 
IX cycles was limited by funding; there were no indications in the dataset that the resin could not 
have been regenerated and used for a fifth or subsequent cycle(s). Since the virgin A-530E resin 
used in this demonstration is NSF approved and widely used for perchlorate treatment, the 
performance of the regenerated resin at FWC is frequently compared to the virgin resin in this 
subsection. 

5.7.1.1 Perchlorate – IX Unit Process 

Perchlorate concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
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be found in Appendix C. The concentration of perchlorate in the influent water is shown in 
Figure 5-10 through all four resin loading cycles. One sample in the fourth resin loading cycle 
returned a non-detect result which is plotted as 0.0 µg/L; no cause has been found for this 
anomalous result so it has not been rejected. Aside from the one anomalous influent analysis, the 
influent perchlorate concentration remained modest, averaging 8.0 µg/L, but well above the 
analytical reporting limit through all resin loading cycles of the project. The influent 
concentration varied from 5.0 - 11.0 µg/L through all resin loading cycles. There appear to be 
short term trends in the perchlorate influent concentration that may reflect active well 
management activities performed at FWC to maintain acceptable water quality. 
 
 

 
 

Figure 5-10. Influent Perchlorate Concentrations at FWC Wellhead IX Treatment Unit 
 
The effluent concentrations from the IX wellhead treatment unit are shown in Figure 5-11 
through all four resin loading cycles. The effluent concentrations remained below reporting limit 
for a significant treatment volume after installation of virgin IX resin and after each installation 
of regenerated IX resin (typically > 100,000 BVs); non-detects have been plotted as 0.0 µg/L 
perchlorate. After this initial treatment volume, the concentration of the effluent gradually 
increases with increased treatment volume. The maximum effluent concentration observed in this 
demonstration was 9.5 µg/L perchlorate. These breakthrough curves for the regenerated resins 
are essentially indistinguishable from that of the virgin resin and from each other. 
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Figure 5-11. Effluent Perchlorate Concentration at FWC Wellhead IX Treatment Unit 
 
In addition to routine monitoring, several samples from the wellhead treatment system were 
analyzed by a more sensative and selective method,using EPA Method 332.0. The higher 
sensativity/selectivity analytical results, shown in Table 5-13, compare favorably to analytical 
results of coincident samples analyzed by EPA Method 314.0. 
 

Table 5-13. Validation of Perchlorate Measurements 

Sample Date Location EPA Method 332.0; µg/L EPA Method 314.0; µg/L 

01/17/2007 Influent 9.7 8.5 

03/28/2007 Influent 8.7 8.7 

02/15/2008 Influent 6.3  

02/22/2008 Effluent 2.6  

02/27/2008 Effluent 3.4 3.5 

10/02/2008 Effluent 6.4 5.0 

 

5.7.1.2 Nitrate – IX Unit Process 

Nitrate concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Appendix C. Influent nitrate concentration ranged from 29 – 40 mg/L all nitrate 
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results in this report are presented in units of as nitrate, not nitrogen. As shown in Figure 5-12, 
nitrate concentration climbed from nominally 31 mg/L to nominally 38 mg/L by the beginning of 
the second resin loading cycle on August 10, 2007. The average influent nitrate concentration 
over all four resin loading cycles was 35 mg/L. The effluent concentration ranged from non-
detect to 40 mg/L. Non-detect results were associated with the initial BVs upon startup of the 
first, third and fourth resin loading cycles; the first sampling event of the second loading cycle 
resulted in 7.0 mg/L nitrate. Effluent nitrate concentrations subsequent to the initial sampling 
event were consistent with the concurrent influent nitrate concentrations. The average effluent 
nitrate concentration excluding these initial BVs was 35 mg/L. These results are consistent with 
the claim of the developers of the resin that it is selective for perchlorate over nitrate (see 
Sections 1.1 and Section 2). The selectivity was observed although the nitrate concentration is 
more than 1,000 times higher than perchlorate. 
 
 

 

Figure 5-12. Influent Nitrate Concentration at FWC Wellhead IX Treatment Unit 
 

5.7.1.3 Sulfate- IX Unit Process 

Sulfate concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Appendix C. Influent sulfate concentrations ranged from 14 to 19 mg/L with an 
average concentration of 16 mg/L. Effluent sulfate concentrations ranged from non detect to 18 
mg/L. As with nitrate, the sulfate concentrations during the first BVs of each resin loading cycle 
were low: 1.9-1.6 mg/L sulfate for the first resin loading cycle, 2.0 mg/L sulfate for the second 
resin loading cycle, and non-detect for the third and fourth resin loading cycle. Excluding these 
samples, the effluent sulfate concentration averaged 16 mg/L, the same as the influent. As with 
nitrate, this indicates that this resin is indeed highly selective in the presence of concentrations of 
competing anions approximately 1,000 times higher than the perchlorate concentration. 
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5.7.1.4 pH – IX Unit Process 

Influent and effluent pH was measured periodically through four resin loading cycles. Detailed 
analytical results can be found in Appendix C. As shown in Figure 5-13, water at FWC is 
relatively basic, but generally falls within the EPA secondary MCL for pH 6.5-8.5. Influent pH 
ranged from 7.16 to 8.59 with an average pH of 7.88. Effluent pH ranged from 6.90 to 8.50 with 
an average of 7.83 excluding start-up values from the first loading cycle. On average, the effect 
of IX technology was to marginally decrease the pH of the influent water. Effluent pH was 
consistently lower than the influent pH upon installation of either virgin or regenerated resin. 
 

 

Figure 5-13. pH Changes across FWC Wellhead IX Treatment Unit 
 

5.7.1.5 TDS – IX Unit Process 

TDS concentration was measured periodically through four resin loading cycles at both influent 
and effluent locations of the IX wellhead treatment unit; detailed analytical results can be found 
in Appendix C. Influent TDS concentrations ranged from 160 to 330 mg/L with an average of 
256 mg/L. Effluent TDS concentrations ranged from 150 to 330 mg/L with an average of 256 
mg/L. Therefore, we can conclude that the IIX technology didn’t significantly change the TDS of 
the treated water. 
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5.7.1.6 Total Organic Carbon (TOC) – IX Unit Process 

TOC concentration was measured periodically through four resin loading cycles at both influent 
and effluent locations of the IX wellhead treatment unit; detailed analytical results can be found 
in Appendix C. 45 of the 48 influent TOC concentrations were below reporting limits.  47 of 50 
effluent TOC concentrations were below reporting limits. TOC concentrations for the remaining 
influent and effluent samples are summarized in Table 5-14. The influent TOC concentrations 
are independent of the IX treatment process and detections are additionally not associated with 
any IX process change, e.g. resin change out. The 11/17/2007 effluent TOC detection is 
associated with installation of the virgin resin, though the association is not believed to be causal. 
The remaining effluent TOC detections were not associated with resin change out. 
 

Table 5-14. Summary of Detectable Wellhead Treatment Unit TOC Concentrations 

Sample Date Location Concentration; mg/L 

5/30/2007 Influent 2.9 

10/24/2007 Influent 0.3 

10/30/2007 Influent 8.0 

1/17/2007 Effluent 0.48 

10/24/2007 Effluent 0.32 

11/09/2007 Effluent 0.4 

5.7.1.7 Chloride – IX Unit Process 

Chloride concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Appendix C. Influent chloride concentrations ranged from 11 to 14 mg/L with an 
average of 12 mg/L. Effluent chloride concentrations ranged from 11 to 100 mg/L. Chloride 
concentration during the first BVs after installing the resin for cycles one, two and three were 
elevated, as expected in IX systems: 
 

• Ranging between 82-200 mg/L in cycle one 

• 38 mg/L in cycle two, and  

• 45 mg/L in cycle three.  

 
Excluding these first sampling events after installing the resin, the effluent chloride 
concentration averaged 12 mg/L. This suggests that fresh resins do release chloride when first 
used but that virgin and regenerated resins were similar in this regard.  

5.7.1.8 Fluoride – IX Unit Process 

Fluoride concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Appendix C. Influent fluoride concentrations ranged from 0.12 to 0.21 mg/L with an 
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average of 0.18 mg/L. Effluent chloride concentrations ranged from 0.14 to 0.22 mg/L with an 
average of 0.18 mg/L. As expected, IIX did not affect the fluoride concentration of the treated 
water. 

5.7.1.9 Title 22 Metals and Major Cations – IX Unit Process 

Title 22 of the California Code of Regulations sets MCLs for a number of inorganic 
contaminants in drinking water including aluminum (Al), antimony (Sb), arsenic (As), barium 
(Ba), beryllium (Be), cadmium (Cd), chromium (Cr), lead (Pb), mercury (Hg), nickel (Ni), 
selenium (Se), and thallium (Tl). In addition SMCLs are set for silver (Ag), copper (Cu), and 
zinc (Zn). These metals were periodically measured through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit. Influent Title 22 metal results 
are summarized in Table 5-15. Effluent Title 22 metal results are summarized in Table 5-16. 
 
In addition to the Title 22 metals, major cations were measured periodically through four resin 
loading cycles at both influent and effluent locations of the IX wellhead treatment unit. Calcium 
(Ca), magnesium (Mg), potassium (K), and sodium (Na) were monitored. These results are 
summarized in Table 5-17. Concentrations of the major cations were very similar in influent and 
effluent. This supports the claim that the A-530E resin has little effect on water chemistry. 
 



Table 5-15. Influent Title 22 Metals at FWC Wellhead IX Treatment Unit 

Date / Time 
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Unit:   µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L  µg/L µg/L µg/L µg/L µg/L µg/L 
1/17/07 16:01 Cycle 1 39 < 2.0   0.75 40 < 2.0 3.3 < 5.0 11 < 0.10 < 5.0 < 5.0 < 10 72 < 50 9.3 < 50 
2/21/07 9:13 Cycle 1 60,236 < 2.0 20 < 10 42 < 2.0 4.3 < 5.0 11   < 5.0 < 5.0 < 10 < 30 < 50 8.7 < 50 
3/21/07 10:49 Cycle 1 109,950 < 2.0   < 10 40 < 2.0 < 2.0 < 5.0 < 10 < 0.10 < 5.0 < 5.0 < 10 < 30 < 50 9.7 < 50 
4/25/07 11:23 Cycle 1 178,890 < 0.20 < 5.0 0.72 43 < 0.10 < 0.10 3.2 4.8 < 0.10 < 0.80 0.22 < 0.50 0.68 < 0.20   9.1 
4/25/07 11:23 Cycle 1 178,890 < 0.20 < 5.0 0.72 43 < 0.10 < 0.10 3.2 4.0 < 0.10 < 0.80 0.22 < 0.50 0.64 < 0.20   6.5 
5/23/07 11:24 Cycle 1 234,143 < 0.20 5.4 0.71 42 < 0.10 < 0.10 3.2 7.8 < 0.10 < 0.80 0.27 < 0.50 0.66 < 0.20   10 
8/10/07 16:45 Cycle 2 0 < 0.20 < 5.0 0.65 43 < 0.10 < 0.10 3.0 1.4 < 0.10 < 0.80 < 0.20 < 0.50 0.61 < 0.20   6.4 
9/19/07 12:45 Cycle 2 59,218 < 0.20 < 5.0 0.73 45 < 0.10 < 0.10 3.3 7.7 < 0.10 < 0.80 0.28 < 0.50 0.66 < 0.20   8.2 

10/17/07 13:05 Cycle 2 114,929 < 0.20 5.2 0.70 43 < 0.10 < 0.10 3.1 14 < 0.10 < 0.80 0.36 < 0.50 0.61 < 0.20   13 
11/14/07 12:30 Cycle 2 177,050 < 0.20 8.1 0.64 43 < 0.10 < 0.10 3.0 13 < 0.10 < 0.80 0.49 < 0.50 0.63 < 0.20   15 
11/14/07 12:30 Cycle 2 177,050 < 0.20 8.3 0.59 42 < 0.10 < 0.10 3.1 8.8   < 0.80 0.38 < 0.50 0.50 < 0.20   9.7 
1/2/08 13:47 Cycle 3 0 < 0.20 17 0.66 42 < 0.10 < 0.10 3.5 25 < 0.10 < 0.80 0.87 < 0.50 0.82 < 0.20   19 
1/30/08 8:07 Cycle 3 66,304 < 0.20 < 5.0 0.63 42 < 0.10 < 0.10 2.9 19 < 0.10 < 0.80 0.41 < 0.50 0.64 < 0.20   7.9 
2/27/08 8:40 Cycle 3 134,028 < 0.20 < 5.0 0.58 39 < 0.10 < 0.10 2.8 2.5   < 0.80 < 0.20 < 0.50 < 0.40 < 0.20   6.9 
3/28/08 11:00 Cycle 3 206,681 < 0.20 < 5.0 0.80 50 < 0.10 < 0.10 3.5 14   < 0.80 0.58 < 0.50 0.75 < 0.20   8.6 
3/28/08 11:00 Cycle 3 206,681 < 0.20 < 5.0 0.80 50 < 0.10 < 0.10 3.4 14 < 0.10 < 0.80 0.35 < 0.50 0.70 < 0.20   13 
7/24/08 11:30 Cycle 4 0     0.70                           
8/21/08 11:42 Cycle 4 65,892 < 0.20 22 0.80 44 < 0.10 < 0.10 3.4 8.7 < 0.050 < 0.80 0.59 < 0.50 0.78 < 0.20   10 
9/18/08 11:53 Cycle 4 132,286 < 0.20 < 5.0 0.65 42 < 0.10 < 0.10 3.3 3.7   < 0.80 < 0.20 < 0.50 0.71 < 0.20   5.2 

10/24/08 11:40 Cycle 4 204,093 < 0.20 5.2 0.65 38 < 0.10 < 0.10 3.3 5.0 < 0.050 < 0.80 0.23 < 0.50 0.65 < 0.20   9.8 
11/25/08 13:39 Cycle 4 263,504 < 0.20 6.9 0.81 42 < 0.10 < 0.10 3.4 8.0 < 0.050 < 0.80 0.34 < 0.50 0.68 < 0.20   12 
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Table 5-16. Effluent Title 22 Metals at FWC Wellhead IX Treatment Unit 

Date / Time 
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Unit:   µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L 
1/17/07 16:01 Cycle 1 39 < 2.0   < 0.40 40 < 2.0 2.8 < 5.0 18 < 0.10 < 5.0 < 5.0 < 10 76 < 50 < 5.0 < 50 
2/21/07 9:13 Cycle 1 60,236 < 2.0 8600 < 10 42 < 2.0 4.7 < 5.0 12   < 5.0 < 5.0 < 10 < 30 < 50 9.5 < 50 
3/21/07 10:49 Cycle 1 109,950 < 2.0   < 10 40 < 2.0 < 2.0 < 5.0 < 10 < 0.10 < 5.0 < 5.0 < 10 < 30 < 50 10 < 50 
4/25/07 11:23 Cycle 1 178,890 < 0.20 < 5.0 0.77 46 < 0.10 < 0.10 3.2 9.2 < 0.10 < 0.80 0.29 < 0.50 0.70 < 0.20   9.7 
5/23/07 11:24 Cycle 1 234,143 < 0.20 47 0.73 43 < 0.10 < 0.10 3.3 19 < 0.10 < 0.80 0.49 < 0.50 0.70 < 0.20   15 
8/10/07 16:45 Cycle 2 0 < 0.20 28 < 0.40 40   < 0.10 0.99 7.9 < 0.10 0.83 0.83 0.52 < 0.40 < 0.20   27 
9/19/07 12:45 Cycle 2 59,218 < 0.20 < 5.0 0.70 45 < 0.10 < 0.10 3.2 10 < 0.10 < 0.80 0.35 < 0.50 0.73 < 0.20   10 

10/17/07 13:05 Cycle 2 114,929 < 0.20 7.6 0.66 42 < 0.10 < 0.10 3.1 15 < 0.10 < 0.80 0.45 < 0.50 0.61 < 0.20   17 
11/14/07 12:30 Cycle 2 177,050 < 0.20 7.9 0.64 45 < 0.10 < 0.10 3.1 15 < 0.10 0.80 0.51 < 0.50 0.77 < 0.20   20 
1/2/08 13:47 Cycle 3 0 < 0.20 < 5.0 < 0.40 41 < 0.10 < 0.10 < 0.20 15 < 0.10 < 0.80 0.57 < 0.50 < 0.40 < 0.20   19 
1/30/08 8:07 Cycle 3 66,304 < 0.20 11 0.63 44 < 0.10 < 0.10 3.0 11 < 0.10 0.97 0.41 < 0.50 0.63 < 0.20   19 
2/27/08 8:40 Cycle 3 134,028 < 0.20 < 5.0 0.71 39 < 0.10 < 0.10 2.7 3.3   < 0.80 < 0.20 < 0.50 < 0.40 < 0.20   7.0 
3/28/08 11:00 Cycle 3 206,681 < 0.20 < 5.0 0.78 50 < 0.10 < 0.10 3.3 23   < 0.80 0.74 < 0.50 0.83 < 0.20   16 
7/24/08 11:30 Cycle 4 0     < 0.40                           
8/21/08 11:42 Cycle 4 65,892 < 0.20 5.7 0.84 43 < 0.10 < 0.10 3.3 3.5 < .050 < 0.80 < 0.20 < 0.50 0.51 < 0.20   7.5 
9/18/08 11:53 Cycle 4 132,286 < 0.20 < 5.0 0.68 41 < 0.10 < 0.10 3.2 9.6   < 0.80 0.30 < 0.50 0.90 < 0.20   9.8 

10/24/08 11:40 Cycle 4 204,093 < 0.20 5.0 0.67 38 < 0.10 < 0.10 3.4 7.5 < 0.050 < 0.80 0.29 < 0.50 0.64 < 0.20   8.8 
10/24/08 11:40 Cycle 4 204,093 < 0.20 < 5.0 0.65 38 < 0.10 < 0.10 3.3 7.6 < 0.050 < 0.80 0.31 < 0.50 0.64 < 0.20   8.6 
11/25/08 13:39 Cycle 4 263,504 < 0.20 7.8 0.78 41 < 0.10 < 0.10 3.0 3.8 < 0.050 < 0.80 0.51 < 0.50 0.66 < 0.20   9.2 
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Table 5-17. Major Cations at the FWC Wellhead IX Treatment Unit 

Date / Time 

Field IX 
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Cycle 
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Unit:   mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
4/25/07 11:23 Cycle 1 178,890 45 1.8  25 47 1.8  25 
4/25/07 11:23 Cycle 1 178,890 46 1.8  26     
8/10/07 16:45 Cycle 2 0 45 1.8  25 45 1.8  25 
9/19/07 12:45 Cycle 2 59,218 44 1.6  25 45 1.7  25 

10/17/07 13:05 Cycle 2 114,929 46 1.9  25 46 1.9  25 
11/14/07 12:30 Cycle 2 177,050 47 1.7  26 47 1.8  25 
11/14/07 12:30 Cycle 2 177,050 47 1.8  26     
1/2/08 13:47 Cycle 3 0 48 1.8  26 48 1.8  26 
1/30/08 8:07 Cycle 3 66,304 46 1.8  26 47 1.9  26 
2/27/08 8:40 Cycle 3 134,028 46 1.8 9.8 25 46 1.7 9.7 24 
3/28/08 11:00 Cycle 3 206,681 49 2.0  26 47 1.8  26 
3/28/08 11:00 Cycle 3 206,681 48 1.9  26     
7/24/08 11:30 Cycle 4 0 48 1.7  25 47 2.0  24 
9/18/08 11:53 Cycle 4 132,286 45 1.8  24 45 1.9  24 

10/24/08 11:40 Cycle 4 204,093 47 1.8  21 48 2.0  22 
10/24/08 11:40 Cycle 4 204,093     47 1.8  21 
11/25/08 13:39 Cycle 4 263,504 47 2.0  25 46 1.9  25 
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Table 5-18. Accumulative Metals (As, Fe, Mn, and U) at FWC Wellhead IX Treatment Unit 

Influent Effluent 
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Unit:   µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L 
1/17/07 16:01 Cycle 1 39   0.75 36 < 20 0.56 0.25 2.0 1.8   < 0.40 < 20 < 20 < 0.20 < 0.20 < 0.20 < 0.20 
2/21/07 9:13 Cycle 1 60,236   < 10 < 20 < 20 < 10 < 10 1.5 1.6   < 10 < 20 < 20 < 10 < 10 < 0.20 < 0.20 
3/21/07 10:49 Cycle 1 109,950   < 10 < 20 < 20 < 10 < 10 1.7 1.7   < 10 < 20 < 20 < 10 < 10 0.47 0.48 
4/25/07 11:23 Cycle 1 178,890 0.67 0.72 < 20 < 20 < 0.20 < 0.20 1.9 1.9 0.71 0.77 < 20 < 20 < 0.20 < 0.20 1.4 1.4 
4/25/07 11:23 Cycle 1 178,890 0.73 0.72 < 20 < 20 < 0.20 < 0.20 1.9 2.0                 
5/23/07 11:24 Cycle 1 234,143   0.71 < 20 < 20 < 10 < 0.20 1.8 1.9   0.73 < 20 < 20 < 10 < 0.20 1.9 2.0 
8/10/07 16:45 Cycle 2 0   0.65 < 20 < 20 < 0.20 < 0.20 2.0 2.1   < 0.40 < 20 92 < 0.20 0.75 < 0.20 < 0.20 
8/31/07 13:05 Cycle 2 20,252     < 20 < 20             < 20 < 20         
9/5/07 10:16 Cycle 2 30,295     < 20 < 20             < 20 < 20         
9/12/07 14:25 Cycle 2 44,970                     < 20 < 20         
9/19/07 12:45 Cycle 2 59,218   0.73 < 20 < 20 < 0.20 < 0.20 2.6 2.6   0.70 < 20 < 20 < 0.20 < 0.20 0.57 0.57 

10/17/07 13:05 Cycle 2 114,929   0.70 < 20 < 20 < 0.20 < 0.20 2.2 2.2   0.66 < 20 < 20 < 0.20 < 0.20 1.7 1.6 
11/14/07 12:30 Cycle 2 177,050 < 0.64 0.64 < 20 < 20 < 5.0 0.41 2.5 2.5   0.64 < 20 < 20 < 5.0 < 0.20 2.4 2.6 
11/14/07 12:30 Cycle 2 177,050   0.59 < 20 < 20 < 5.0 < 0.20 2.5 2.5                 
1/2/08 13:47 Cycle 3 0   0.66 < 20 < 20 < 5.0 < 0.20 2.3 2.3   < 0.40 < 20 < 20 < 5.0 < 0.20 < 0.20 < 0.20 
1/9/08 12:33 Cycle 3 16,991     < 20 < 20             < 20 < 20         
1/16/08 14:15 Cycle 3 33,680     < 20 < 20             < 20 < 20         
1/23/08 13:08 Cycle 3 50,139     < 20 < 20             < 20 < 20         
1/30/08 8:07 Cycle 3 66,304   0.63 < 20 < 20 < 0.20 < 0.20 2.3 2.3   0.63 < 20 40 < 0.20 0.40 1.1 1.1 
2/27/08 8:40 Cycle 3 134,028   0.58 < 20 < 20 < 0.20 < 0.20 2.4 2.4   0.71 < 20 < 20 < 0.20 < 0.20 2.2 2.2 
3/28/08 11:00 Cycle 3 206,681   0.80 < 20 < 20 < 0.20 < 0.20 2.6 2.6   0.78 < 20 < 20 < 0.20 < 0.20 2.5 2.7 
3/28/08 11:00 Cycle 3 206,681   0.80 < 20 < 20 0.37 < 0.20 2.7 2.6                 
7/24/08 11:30 Cycle 4 0   0.70 < 20 < 10 < 0.20 1.8 2.6     < 0.40 < 20 < 10 < 0.20 < 0.20 < 0.20   
7/31/08 11:43 Cycle 4 16,503     < 20 < 10             < 20 < 10         
8/7/08 8:41 Cycle 4 32,575     < 20 < 10             < 20 < 10         

8/14/08 12:09 Cycle 4 49,414     < 20 < 10             < 20 < 10         
8/21/08 11:42 Cycle 4 65,892   0.80 < 20   < 0.20 7.0 2.1 2.2   0.84 < 20   < 0.20 < 0.20 1.1 1.1 
9/18/08 11:53 Cycle 4 132,286   0.65 < 20 < 10 < 5.0 < 0.20 2.3 2.2   0.68 < 20 < 10 < 5.0 < 0.20 2.2 2.1 

10/24/08 11:40 Cycle 4 204,093   0.65 < 20 < 10 < 0.20 < 0.20 1.8 1.8   0.67 < 20 < 10 < 0.20 < 0.20 1.8 1.9 
10/24/08 11:40 Cycle 4 204,093                   0.65 < 20 < 10 < 0.20 < 0.20 1.8 1.8 
11/25/08 13:39 Cycle 4 263,504   0.81 < 20 < 10 < 0.20 < 0.20 2.0 2.1   0.78 < 20 < 10 < 0.20 < 0.20 2.3 2.4 

 



5.7.1.10 Dissolved Iron – IX Unit Process 

Dissolved iron concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Table 5-18 and Appendix C. The first influent dissolved iron sample on starting field 
treatment with virgin resin contained 36 µg/L dissolved iron; remaining influent samples were 
below the reporting limit of 20 µg/L. Effluent dissolved iron concentrations were below the 
reporting limit of 20 µg/L through all four wellhead treatment cycles. This suggests that although 
the regeneration technology involves iron, the regenerated resin is not adding a significant 
amount of iron to the treated water. 

5.7.1.11 Total Iron – IX Unit Process 

Total iron concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Table 5-18 and Appendix C. Influent total iron concentrations remained below 
reporting limits throughout the demonstration. Total iron in effluent samples were also below 
reporting limits with two exceptions: 92 µg/L at the start of the second loading cycle and 40 
µg/L during the third loading cycle. These values are well below the secondary MCL for iron of 
300 µg/L. This suggests that although the regeneration technology involves iron, the regenerated 
resin is normally not adding a significant amount of iron to the treated water. 

5.7.1.12 Dissolved Manganese – IX Unit Process 

Dissolved manganese concentration was measured periodically through four resin loading cycles 
at both influent and effluent locations of the IX wellhead treatment unit; detailed analytical 
results can be found in Table 5-18 and Appendix C. Influent dissolved manganese was largely 
below reporting limits; two influent samples contained quantifiable manganese at less than 1 
µg/L. No dissolved manganese was detected in the effluent four wellhead treatment cycles. 

5.7.1.13 Total Manganese – IX Unit Process 

Total manganese concentration was measured periodically through four resin loading cycles at 
both influent and effluent locations of the IX wellhead treatment unit; detailed analytical results 
can be found in Table 5-18 and Appendix C. Influent total manganese concentrations ranged 
from below reporting limits of 0.20 µg/L to 7.0 µg/L throughout the demonstration; total 
manganese was typically below reporting limits with occasional detectable concentrations. Total 
manganese in effluent samples was also below reporting limits with two exceptions: 0.75 µg/L at 
the start of the second loading cycle and 0.40 µg/L during the third loading cycle. These values 
were well below the EPA secondary MCL for manganese of 50 µg/L. 

5.7.1.14 Dissolved Uranium – IX Unit Process 

Dissolved uranium concentration was measured periodically through four resin loading cycles at 
both influent and effluent locations of the IX wellhead treatment unit; detailed analytical results 
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can be found in Table 5-18 and Appendix C. Influent dissolved uranium concentrations ranged 
from 1.5 to 2.7 µg/L, average influent dissolved uranium concentrations, excluding duplicates, 
was 2.2 µg/L. Effluent dissolved uranium concentrations were initially below reporting limits, 
< 0.20 µg/L upon startup, with both virgin resin and regenerated resin. Effluent dissolved 
uranium concentrations rose to roughly equal influent levels before perchlorate saturation 
occurred for each treatment cycle. This indicates, as expected, that the IX resin removes the 
uranite anion, and further suggests that uranite reaches saturation before perchlorate. In later 
sections we will discuss removal of this uranium from the resin in regeneration. 

5.7.1.15 Total Uranium – IX Unit Process 

Total uranium concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Table 5-18 and Appendix C. Influent total uranium concentrations ranged from 1.6 
to 2.6 µg/L, average influent total uranium concentrations, excluding duplicates, was 2.2 µg/L. 
Effluent total uranium concentrations were initially below reporting limits, 0.20 µg/L, upon 
startup with both virgin resin and regenerated resin. Effluent dissolved uranium concentrations 
rose to nominally influent levels before perchlorate saturation occurred for each treatment cycle. 
This indicates, as expected, that the IX resin removes the uranite anion, and further suggests that 
uranite reaches saturation before perchlorate. In later sections we will discuss removal of this 
uranium from the resin in regeneration. 

5.7.1.16 Total Arsenic – IX Unit Process 

Total arsenic concentration was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Table 5-18 and Appendix C. Influent total arsenic concentrations ranged from 0.58 
to 0.81 µg/L throughout the demonstration; average influent total arsenic concentration was 0.70 
µg/L. Total arsenic concentration in effluent samples ranged from below reporting limits of 0.00 
µg/L to 0.84 µg/L. These concentrations can be compared to the arsenic MCL of 10 µg/L. 
Effluent total arsenic was below the reporting limit upon startup with both virgin and regenerated 
resin and rose to nominally influent concentrations before perchlorate saturation occurred. This 
suggests that the system initially removes arsenite anion and does not add significant amounts of 
total arsenic to the treated water. 

5.7.1.17 Gross Alpha – IX Unit Process 

Gross alpha radiation was measured periodically through four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit; detailed analytical results can 
be found in Table 5-19 and Appendix C. Influent gross alpha radiation was between 0 and 8.4 
pCi/L; average influent gross alpha radiation, excluding duplicates, was 3.0 pCi/L. Effluent gross 
alpha radiation was between 0 and 9.5 pCi/L; average gross alpha radiation, excluding 
duplicates, was 1.9 pCi/L. The decrease in gross alpha radiation is attributed to uranium removal 
by the resin. 
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5.7.1.18 Radon – IX Unit Process 

Radon was measured periodically through four resin loading cycles at both influent and effluent 
locations of the IX wellhead treatment unit; detailed analytical results can be found in Table 5-19 
and Appendix C. Influent radon ranged from < 75 to 163 pCi/L; median influent radon 
concentration was 126 pCi/L (median was selected here as the measure of central tendency 
because the data set contained nondetects). Effluent radon ranged from < 75 to 214 pCi/L; 
median effluent radon concentration was 115 pCi/L. This suggests that the IIX technology has 
little effect on Radon levels. 
 

Table 5-19. Radiation Related Analytes at FWC Wellhead IX Treatment Unit 

Influent Effluent 

Date / Time  
Number of 

BVs 
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Unit:    pCi/L pCi/L  pCi/L pCi/L
1/17/07 16:01 Cycle 1 39 1.0   0.0   
2/21/07 9:13 Cycle 1 60,236 0.0   0.0   
2/22/07 12:37 Cycle 1 62,084   87   115 
3/21/07 10:49 Cycle 1 109,950 2.3 102 1.5 79 
4/25/07 11:23 Cycle 1 178,890 1.4   0.58   
4/25/07 11:23 Cycle 1 178,890 2.2       
5/23/07 11:24 Cycle 1 234,143 1.9   3.1   
5/30/07 11:08 Cycle 1 249,116   139   214 
8/10/07 16:45  Cycle 2 0 6.5 133 0 200 
9/19/07 12:45 Cycle 2 59,218 3.4   0   

10/17/07 13:05 Cycle 2 114,929 0.63   4.9   
10/19/07 9:44 Cycle 2 119,160   < 75   85 

11/14/07 12:30 Cycle 2 177,050 4.0   3.4   
11/14/07 12:30 Cycle 2 177,050 3.1       
1/2/08 13:47 Cycle 3 0 8.0   2.3   
1/30/08 8:07 Cycle 3 66,304 8.4   9.5   
2/27/08 8:40 Cycle 3 134,028 5.2 < 75 3.4 < 75 
3/28/08 11:00 Cycle 3 206,681 4.2   4.6   
3/28/08 11:00 Cycle 3 206,681 5.0       
7/24/08 11:30 Cycle 4 0 4.2   0.14   
8/21/08 11:42 Cycle 4 65,892 0.0 163 1.6 196 
9/18/08 11:53 Cycle 4 132,286 0.44   0   
9/25/08 7:02 Cycle 4 148,250   126   < 75 

10/24/08 11:40 Cycle 4 204,093 0.73 143 0.30 149 
10/24/08 11:40 Cycle 4 204,093     0.59   
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11/25/08 13:39 Cycle 4 263,504 0.0   0   
 
 

5.7.1.19 VOCs – IX Unit Process 

VOCs were measured periodically through four resin loading cycles at both influent and effluent 
locations of the IX wellhead treatment unit; detailed analytical results can be found Appendix C. 
Influent VOC concentrations for the full 524.2 list were below reporting limits in all samples. 
Effluent VOC concentrations were also below reporting limits with two exceptions: the 
08/10/2007 sample at the start of the second loading cycle and the 11/25/2008 sample at the end 
of the fourth loading cycle. The 08/10/2007 effluent sample contained 61 µg/L total VOCs 
including chloroform, carbon tetrachloride, dibromochloromethane, bromodichloromethane, 
bromoform trichloroethene, and 1,1-dichloroethene; chloroform accounts for 47 µg/L, a majority 
of the total VOCs. The MCL for total trihalomethanes is 80 µg/L. The 11/25/2008 sample 
contained 11 µg/L 2-butanone. These results are compared to the available MCLs and to EPA 
Regional risk screening levels in Table 5-20. In one case the California MCL for carbon 
tetrachloride was exceeded but the national MCL was not exceeded. The potential sources of 
these VOCs in the regeneration process will be discussed in later sections. 
 

Table 5-20. Effluent VOCs In the Only Two Samples that Had Detections, Compared to 
Regulatory and Risk Screening Levels (Detected Values Bold, Exceedances of MCLs 
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ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l
IX Effluent 8/10/2007 3.3 1.4 <5.0 47 3.4 0.5 1.4 61
IX Effluent 11/25/2008 <0.5 <0.5 11 <0.5 <0.5 <0.5 <0.5 <0.5 11

U.S. EPA MCL 5 7 5 80
California MCL 0.5 6 5 80

EPA regional risk 
screening level 0.12 8.5 0.2 0.19 0.15 340 1.7

4

 

5.7.1.20 SVOCs and Pesticides – IX Unit Process 

SVOCs and pesticides were measured periodically through startup of the third resin loading 
cycles at both influent and effluent locations of the IX wellhead treatment unit; detailed 
analytical results can be found Appendix C. No SVOCs or Pesticides were found above the 
reporting limit for any influent or effluent sample. Beginning with the third cycle of IX 
monitoring of these COCs was discontinued after discussion with ESTCP. 
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5.7.1.21 Nitrosamine Monitoring – IX Unit Process 

Nitrosamines were monitored periodically through startup and four resin loading cycles at both 
influent and effluent locations of the IX wellhead treatment unit. Nitrosamine monitoring during 
resin backwash prior to startup is summarized in Table 5-21. Influent nitrosamine monitoring 
during wellhead treatment is summarized in Table 5-22. Effluent nitrosamine monitoring during 
wellhead treatment is summarized in Table 5-23. 
 
During startup with virgin resin, the wellhead treatment unit was back-flushed with several bed 
volumes of water; nitrosamine concentrations during the back-flush are summarized in Table 5-
21. NDMA concentrations were elevated, 270 ng/L, in the initial effluent sample, but quickly 
returned to levels comparable to the influent NDMA concentration. NMOR was detected in both 
the influent and effluent of the back-flush. NPIP was detected in the initial effluent sample of the 
back-flush as well. The observation of nitrosamines in treated effluent on startup is common in 
IX systems (but it is dependent on the functional group of the resin). 
 
Nitrosamines in the influent water were typically below reporting limits of 2.0 ng/L (Table 5-9). 
However, the first influent nitrosamine sample collected upon starting wellhead treatment 
contained 11 ng/L of NDMA. The 02/27/2008 influent sample contained 38 ng/L of NDMA. The 
next nitrosamine sample contained smaller concentrations of NDMA, 3.8 ng/L, and 8.8 ng/L 
NMOR. 
 
Nitrosamines in the effluent water were typically below reporting limits of 2.0 ng/L (Table 5-23). 
Effluent was intensively sampled during startup of the wellhead treatment system with virgin 
resin during the first loading cycle; NDMA was found in effluent samples through the first 39 
BVs and NDEA was found in the first effluent sample at 2.6 BVs. Effluent was intensively 
sampled during the startup with regenerated resin in the third and fourth loading cycles as well 
resulting in a single low-level detection of NDMA at 55 BVs from the third loading cycle. 
NDMA was detected in two additional effluent samples, both during the third loading cycle. 
NMOR was detected in one effluent samples during the third loading cycle. NDBA was detected 
in three effluent samples during the fourth loading cycle. 
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Table 5-21. Nitrosamine Concentrations during Back-flush at FWC Wellhead IX 

Treatment Unit Prior to Startup. 

Sample ID 
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 ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 

Influent 15 < 2.0 < 2.0 < 2.0 2.3 < 2.0 < 2.0 < 2.0 

Backwash Bed 
Volume Zero 270 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 29 < 2.0 

Backwash Bed 
Volume One 15 < 2.0 < 2.0 < 2.0 7.0 < 2.0 < 2.0 < 2.0 

Backwash Bed 
Volume four 11 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 91 April 2010 



Table 5-22. Influent Nitrosamine Concentrations at FWC Wellhead IX Treatment Unit 

Date / Time Bed size Number of BVs 
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Unit: (Gallons)  ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
1/17/07 16:01 Cycle 1 39 11 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/31/07 11:20 Cycle 1 25,231 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0  < 2.0 
2/14/07 9:45 Cycle 1 50,974 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

2/28/07 10:59 Cycle 1 71,248 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
3/14/07 9:57 Cycle 1 96,689 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

3/28/07 10:13 Cycle 1 122,719 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
4/11/07 10:20 Cycle 1 151,169 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
4/25/07 11:23 Cycle 1 178,890 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
4/25/07 11:23 Cycle 1 178,890 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
5/9/07 10:00 Cycle 1 207,542 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

5/23/07 11:24 Cycle 1 234,143 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
6/8/07 11:08 Cycle 1 267,967 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

8/10/07 16:45 Cycle 2 0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
9/5/07 10:16 Cycle 2 30,295 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

9/19/07 12:45 Cycle 2 59,218 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/3/07 12:50 Cycle 2 83,238 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

10/17/07 13:05 Cycle 2 114,929 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/31/07 11:33 Cycle 2 147,346 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
11/14/07 12:30 Cycle 2 177,050 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
11/14/07 12:30 Cycle 2 177,050 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
11/26/07 11:25 Cycle 2 201,942 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

1/2/08 13:47 Cycle 3 0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/16/08 14:15 Cycle 3 33,680 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/30/08 8:07 Cycle 3 66,304 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
2/27/08 8:40 Cycle 3 134,028 32 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

3/28/08 11:00 Cycle 3 206,681 3.8 < 2.0 < 2.0 < 2.0 8.8 < 2.0 < 2.0 < 2.0 
3/28/08 11:00 Cycle 3 206,681 2.4 < 2.0 < 2.0 < 2.0 9.6 < 2.0 < 2.0 < 2.0 
7/24/08 11:30 Cycle 4 0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.0 
7/24/08 11:35 Cycle 4 8 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

8/7/08 8:41 Cycle 4 32,575 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
8/21/08 11:42 Cycle 4 65,892 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

9/4/08 9:35 Cycle 4 98,773 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
9/18/08 11:53 Cycle 4 132,286 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/2/08 9:27 Cycle 4 164,794 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

10/24/08 11:40 Cycle 4 204,093 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
11/25/08 13:39 Cycle 4 263,504 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
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Table 5-23. Effluent Nitrosamine Concentrations at FWC Wellhead IX Treatment Unit 

Date / Time Bed size 
Number of 

BVs 
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Unit: (Gallons)  ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
1/17/07 15:31 Cycle 1 2.6 130 < 2.0 3.3 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/17/07 15:32 Cycle 1 4.8 83 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/17/07 15:34 Cycle 1 6.9 61 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/17/07 15:35 Cycle 1 10 140 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/17/07 15:39 Cycle 1 17 41 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/17/07 15:51 Cycle 1 26 43 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/17/07 16:01 Cycle 1 39 16 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/31/07 11:20 Cycle 1 25,231 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
2/14/07 9:45 Cycle 1 50,974 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

2/28/07 10:59 Cycle 1 71,248 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
3/14/07 9:57 Cycle 1 96,689 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

3/28/07 10:13 Cycle 1 122,719 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
4/11/07 10:20 Cycle 1 151,169 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
4/25/07 11:23 Cycle 1 178,890 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
5/9/07 10:00 Cycle 1 207,542 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

5/23/07 11:24 Cycle 1 234,143 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
6/8/07 11:08 Cycle 1 267,967 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

8/10/07 16:45 Cycle 2 0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
9/5/07 10:16 Cycle 2 30,295 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

9/19/07 12:45 Cycle 2 59,218 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/3/07 12:50 Cycle 2 83,238 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

10/17/07 13:05 Cycle 2 114,929 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/31/07 11:33 Cycle 2 147,346 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
11/14/07 12:30 Cycle 2 177,050 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
11/26/07 11:25 Cycle 2 201,942 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

1/2/08 13:47 Cycle 3 0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/2/08 13:52 Cycle 3 9 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/2/08 13:57 Cycle 3 18 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/2/08 14:17 Cycle 3 55 2.3 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/9/08 12:33 Cycle 3 16,991 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

1/16/08 14:15 Cycle 3 33,680 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
1/30/08 8:07 Cycle 3 66,304 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
2/27/08 8:40 Cycle 3 134,028 10 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
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Date / Time Bed size 
Number of 

BVs 
3/28/08 11:00 Cycle 3 206,681 4 < 2.0 < 2.0 < 2.0 41 < 2.0 < 2.0 < 2.0 
7/24/08 11:30 Cycle 4 0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.1 
7/24/08 11:35 Cycle 4 8 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
7/24/08 11:50 Cycle 4 32 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
7/28/08 9:49 Cycle 4 9,073 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.3 

7/31/08 11:43 Cycle 4 16,503 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.3 
8/7/08 8:41 Cycle 4 32,575 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

8/21/08 11:42 Cycle 4 65,892 < 2.0 < 2.0 < 2.0 < 2.0 2.1UB < 2.0 < 2.0 < 2.0 
9/4/08 9:35 Cycle 4 98,773 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

9/18/08 11:53 Cycle 4 132,286 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/2/08 9:27 Cycle 4 164,794 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/2/08 9:27 Cycle 4 164,794 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

10/24/08 11:40 Cycle 4 204,093 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
10/24/08 11:40 Cycle 4 204,093 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
11/25/08 13:39 Cycle 4 263,504 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

UB – Non-detect due to blank contamination 

5.7.2 Regeneration Unit Process Sampling Results 

The resin from the wellhead treatment process was shipped in the treatment vessel to Calgon’s 
Pittsburgh facility for regeneration. Regeneration was performed after the first, second, and third 
treatment cycles. Regeneration is a multi–step process including a deionized (DI) backwash, a 
dilute acid backwash, transfer to regeneration vessel, regeneration with tetrachloroferrate, a 
dilute acid rinse, a DI water rinse, a nontoxic inorganic substance rinse, a final DI rinse and 
transfer back to the treatment vessel. The entire resin bed shipped from Fontana was regenerated. 
The volume of resin varied from 115 to 107 gallons on a chloride exchanged basis, the form 
shipped for wellhead perchlorate treatment. 

5.7.2.1 Perchlorate - Regeneration Process 

5.7.2.1.1 Perchlorate Elution during Initial Backwashes and rinses 

The DI backwash effluent was sampled every 10 minutes for 1 hour and analyzed for 
perchlorate, chloride, nitrate, and sulfate. During the first regeneration, no perchlorate was 
detected from the DI backwash above the reporting limit of 2.5 µg/L. During the second 
regeneration, the fourth DI backwash sample contained 2.9 µg/L perchlorate; the remaining 
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samples contained no perchlorate above the reporting limit of 2.5 µg/L. During the third 
regeneration cycle, the DI backwash effluent samples averaged 8.44 µg/L. 
 
Dilute acid was used in a subsequent backwash event, before transferring resin to the 
regeneration vessel in the first and second cycle and after transferring resin in the third 
regeneration cycle. Perchlorate elution during the dilute acid backwashes is shown in Figure 5-14 
based on grab samples during each regeneration cycle. For each regeneration event, small levels 
of perchlorate eluted from the resin bed during the dilute acid backwash. Perchlorate elution 
from the first regeneration appears to be confounded with a dilution of the dilute acid feed as 
discussed in Section 5.7.2.4. 
 
 

 
 

Figure 5-14. Perchlorate Elution from Dilute Acid Backwash during Regeneration 
 
 
In the first two regeneration cycles, the resin was drained and rinsed with DI water after the 
dilute acid backwash and prior to tranferring the resin to the regeneration vessel. Samples from 
the first regeneration indicate the perchlorate in this DI rinse dropped rapidly from 22.1 µg/L to 
≤5 µg/L after 150 gallons of rinse and remained at this level for the duration of the DI rinse. The 
DI water supply contained < 2.5 µg/L perchlorate during the first regeneration. During the 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 95 April 2010 



second regeneration, one sample was obtained during the DI rinse containing 16.8 µg/L 
perchlorate; the DI water supply contained < 2.5 µg/L perchlorate as well. This DI rinse was 
eliminated for the third regeneration round; the resin was transferred prior to the dilute acid 
backwash eliminating the need for a rinse. 

5.7.2.1.2 Perchlorate Elution during Tetrachloroferrate Regeneration 

The resin was regenerated by backwashing with tetrachloroferrate solution. Perchlorate samples 
were taken from the effluent during regeneration, shown in Figure 5-15, and as composites from 
the receiving containers, both drums and tanks, after regeneration was completed, shown in 
Figure 5-16. In all three regeneration cycles, there is a lag in perchlorate elution followed by a 
sharp increase in perchlorate concentration. The rengerant volume at which this peak occurs is 
reasonably, but not absolutely consistent, Peak concentrations are up to four orders of magnitude 
higher than those observed in backwash. Perchlorate concentration then rapidly returns to very 
low levels with continued tetrachloroferrate addition. This sharp elution curve is desireable in 
that it allows the amount of regenerant containing the perchlorate. 
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Figure 5-15. Perchlorate Elution during Tetrachloroferrate Regeneration 
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Figure 5-16. Composite Perchlorate during Tetrachloroferrate Regeneration 

5.7.2.1.3 Perchlorate Elution in Post Regeneration Rinses 

After tetrachloroferrate regeneration, the resin was rinsed with dilute acid. Samples were taken 
during the dilute acid rinse after each 150 gallons and as composites from the dilute acid rinse 
receiving drums during the first and second regeneration cycles. No perchlorate was detected in 
the grab samples taken during dilute acid rinse; the reporting limits were quite high for these 
analysis at 250 µg/L and greater. The first acid rinse composite sample from the first 
regeneration contained 2.2 µg/L perchlorate; remaining samples contained < 1.25 µg/L 
perchlorate. The first three composite samples from the second regeneration averaged 5.2 µg/L 
perchlorate falling to 3.7 µg/L in the fourth sample and to < 1.25 µg/L in the remaining samples. 
 
The dilute acid rinse was followed by a second DI water rinse. Samples were collected during 
this DI rinse after each 150 gallons for a total of 900 gallons DI rinse. During the first 
regeneration, perchlorate remained < 25 µg/L for all 6 DI rinse samples. During the second 
regeneration, a secondary peak in perchlorate concentration was observed during the DI rinse as 
shown in Figure 5-17. During the third regeneration, all 6 DI rinse samples contained < 1.25 
µg/L perchlorate. 
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Figure 5-17: Perchlorate Elution during Regeneration Second DI Rinse 
 
After the second DI rinse, the resin was rinsed with ~600 gallons of a nontoxic inorganic 
solution. Samples were collected at 150 gallon intervals during the first and second regeneration 
inorganic rinse. Perchlorate concentration in the inorganic rinse effluent from the first 
regeneration was < 2.5 µg/L in all samples. A secondary peak in perchlorate concentration was 
observed in the inorganic rinse effluent from the second regeneration as shown in Figure 5.18. 
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Figure 5-18: Perchlorate Elution during Regeneration Inorganic Rinse 
 
After the inorganic rinse, the resin was rinsed with a final 900 gallons of DI water. Perchlorate 
samples were collected every 150 gallons for the first and second regeneration rounds. 
Perchlorate concentration in the 6 final DI water rinse samples of both the first and second 
regenerations remained < 2.5 µg/L. 

5.7.2.2 Nitrate - Regeneration Process 

5.7.2.2.1 Nitrate Elution during Resin Backwash and Rinse 

The DI backwash effluent was sampled every 10 minutes for 1 hour and analyzed for 
perchlorate, chloride, nitrate, and sulfate. Nitrate concentration in the DI backwash effluent 
averaged 2.4, 3.0, and 37 mg/L nitrate for the first, second, and third regeneration rounds 
respectively. The elevated value in the third value was reviewed and appears to be the actual 
result – the blank did not suggest any problem. 
 
Dilute acid was used in a subsequent backwash step, before transferring resin to the regeneration 
vessel in the first and second cycle and after transferring resin in the third regeneration cycle. 
Nitrate elution during the dilute acid backwashes is shown in Figure 5-19, based on grab samples 
during each regeneration cycle. For each regeneration event, moderate levels of nitrate eluted 
from the resin bed during the dilute acid backwash. These levels are roughly 3 orders of 
magnitude higher than the concentrations of perchlorate eluting during the backwash but 2 orders 
of magnitude lower than the peak concentration of nitrate that elutes during regeneration 
(discussed below). Nitrate elution from the first regeneration appears to be confounded with a 
dilution of the dilute acid feed as discussed in Section 5.7.2.4 
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Figure 5-19. Nitrate Elution from Dilute Acid Backwash during Regeneration 
 
In the first two regeneration cycles,, the resin was drained and rinsed with DI water after the 
dilute acid backwash and prior to tranferring the resin to the regeneration vessel. Samples from 
the first regeneration indicate the nitrate in this DI rinse dropped rapidly from 1.8 to ≤1 mg/L 
after 150 gallons of rinse and remained at this level for the duration of the DI rinse. The DI water 
supply contained 4.3 mg/L nitrate during the first regeneration. During the second regeneration, 
one sample was obtained during the DI rinse containing 6.6 mg/L nitrate; the DI water supply 
contained < 0.3 mg/L nitrate. This DI rinse was eliminated for the third regeneration round; the 
resin was transferred prior to the dilute acid backwash eliminating the need for a rinse. 

5.7.2.2.2 Nitrate elution during resin Regeneration 

The resin was then regenerated by backwashing with tetrachloroferrate solution. Nitrate samples 
were taken from the effluent during regeneration, shown in Figure 5-20, and as composites from 
the receiving containers, both drums and tanks, after regeneration was completed, shown in 
Figure 5-21. In all three regeneration cycles, there is a lag in nitrate elution followed by a sharp 
increase in nitrate concentration. Nitrate concentration then rapidly returns to very low levels 
with continued tetrachloroferrate addition. As with perchlorate the nitrate peak is sharp and 
relatively consistent in elution volume. The nitrate peak partially overlaps with the perchlorate 
peak. 
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Figure 5-20. Nitrate Elution during Tetrachloroferrate Regeneration 

 

 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 101 April 2010 



 

Figure 5-21. Composite Nitrate Elution during Tetrachloroferrate Regeneration 
 

5.7.2.2.3 Nitrate Elution in Post Regeneration Rinses 

After tetrachloroferrate regeneration, the resin was rinsed with dilute acid. Nitrate samples were 
taken during the dilute acid rinse after each 150 gallons during the first and second regeneration 
cycles. No nitrate was detected in the samples taken during the first regeneration cycle dilute 
acid rinse; the reporting limits were 50 mg/L. During the second regeneration cycle, the first 
dilute acid rinse sample contained 110 mg/L nitrate; the remaining three samples contained < 10 
mg/L nitrate. 
 
No nitrate samples were analyzed from the second DI rinse, after the acid rinse, or from the 
inorganic solution rinse, after the second DI rinse. After the inorganic solution rinse, the resin 
was rinsed with a final 900 gallons of DI water. Nitrate samples were collected every 150 gallons 
for the second and third regeneration rounds. Nitrate concentration was < 0.1 mg/L in the 6 final 
DI water rinse samples of the second regeneration cycle. Of the 4 nitrate samples analyzed from 
the third regeneration cycle, all contained < 1.0 mg/L nitrate. 
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5.7.2.3 Sulfate – Regeneration Process 

5.7.2.3.1 Sulfate Elution during Backwash and Rinse 

The DI backwash effluent was sampled every 10 minutes for 1 hour and analyzed for 
perchlorate, chloride, nitrate, and sulfate. Sulfate concentration in the DI backwash effluent 
averaged 0.1, 0.2, and 13.4 mg/L for the first, second, and third regeneration rounds respectively. 
However, a sulfate water blank submitted on June 6, 2008 was 11 mg/L so no significance 
should be attributed to the 13.4 mg/L backwash value. 
 
Dilute acid was used in a subsequent backwash step. Sulfate elution during the dilute acid 
backwashes, shown in Figure 5-22, is based on grab samples during each regeneration cycle. For 
each regeneration event, small levels of sulfate eluted from the resin bed during the dilute acid 
backwash. Sulfate elution from the first regeneration may be confounded with a dilution of the 
dilute acid feed as discussed in Section 5.7.2.4. 
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Figure 5-22. Sulfate Elution from DiluteAcid Backwash during Regeneration 
 
After the dilute acid backwash, the resin was drained and rinsed with DI water prior to 
tranferring the resin to the regeneration vessel. Sulfate samples were collected every 150 gallons 
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during the first regeneration cycle; sulfate remained < 1.0 mg/L for all samples. One sample was 
taken during the dilute acid rinse of the second regeneration cycle containing < 1.0 mg/L sulfate. 
No sample of this rinse was analyzed during the third regeneration. 

5.7.2.3.2 Sulfate Elution during Regeneration 

The resin was regenerated by backwashing with tetrachloroferrate solution. Sulfate samples were 
taken from the effluent during regeneration, shown in Figure 5-23, and as composites from the 
receiving containers, both drums and tanks, after regeneration was completed, shown in Figure 
5-24. In all three regeneration cycles, there is a lag in sulfate elution followed by a sharp increase 
in sulfate concentration. Sulfate concentration then rapidly returns to a baseline level with 
continued tetrachloroferrate addition. 
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Figure 5-23. Sulfate Elution during Tetrachloroferrate Regeneration 
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Figure 5-24. Composite Sulfate Elution during Tetrachloroferrate Regeneration 
 

5.7.2.3.3 Sulfate Elution during Post Regeneration Rinses 

After tetrachloroferrate regeneration, the resin was rinsed with dilute acid. Sulfate samples were 
taken during the dilute acid rinse after each 150 gallons during the first and second regeneration 
cycles. Sulfate concentration was 64 mg/L in the first dilute acid rinse sample from the first 
regeneration cycle and < 50 mg/L for the remaining first cycle samples. During the second 
regeneration cycle, the first dilute acid rinse sample contained 99 mg/L sulfate; the remaining 
three samples contained < 20 mg/L sulfate. 
 
No sulfate samples were analyzed from the second DI rinse, after the acid rinse, or from the 
inorganic solution rinse, after the second DI rinse. After the inorganic solution rinse, the resin 
was rinsed with a final 900 gallons of DI water. Sulfate samples were collected every 150 
gallons for the second and third regeneration rounds. Sulfate concentration was < 0.1 mg/L in the 
6 final DI water rinse samples of the second regeneration cycle. Of the four samples analyzed 
from the third regeneration cycle, sulfate concentration averaged 95 mg/L with no clear trend. 
 
 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 105 April 2010 



5.7.2.4 Chloride – Regeneration Process 

The DI backwash effluent was sampled every 10 minutes for 1 hour and analyzed for 
perchlorate, chloride, nitrate, and sulfate. Chloride concentration in the DI backwash effluent 
averaged 1.2, 1.0, and 11.8 mg/L for the first, second, and third regeneration rounds respectively. 
 
Dilute acid was used in a subsequent backwash event before transferring resin to the regeneration 
vessel in the first and second cycle and after transferring resin in the third regeneration cycle. 
Chloride elution during the dilute acid backwashes is shown in Figure 5-25 based on grab 
samples during each regeneration cycle. For each regeneration event, Chloride concentration 
rises rapidly after an initial lag. Since the acid used is nominally 0.1 N HCl, chloride 
concentration is expected to rise to nominally 3,500 mg/L in each backwash event. Chloride 
concentration from the first regeneration cycle peaks at nominally 1,500 mg/L and declines 
thereafter; this is believed to be due to inadvertent dilution of the 0.1 N HCl caused by a failure 
of the concentrated HCl feed pump during the dilute acid backwash event. Chloride 
concentration in both the second and third regeneration cycle rise to approach 3,500 mg/L as 
expected.  
 
No additional chloride samples were analyzed for the DI rinse, the tetrachloroferrate 
regeneration, the acid rinse, the second DI rinse, or from the inorganic solution rinse. After the 
inorganic solution rinse, the resin was rinsed with a final 900 gallons of DI water. Chloride 
samples were collected every 150 gallons for the second and third regeneration rounds. Chloride 
concentration in the final DI rinse of the first regeneration cycle dropped from 4.6 mg/L in the 
first sample to 1.3 mg/L in the final sample. Of the 4 chloride samples analyzed from the third 
regeneration cycle, chloride concentration averaged 56 mg/L with no clear trend. 

5.7.2.5 Uranium – Regeneration Process 

The dilute acid backwash step of the regeneration is designed to remove uranium. Uranium was 
monitored frequently during the dilute acid backwash during the first regeneration cycle; the 
uranium elution profile is shown in Figure 5-26. Uranium concentration increased sharply after 
the first 300 gallons of dilute acid backwash and then declined through the remainder of the 
dilute acid backwash. Uranium elution from the dilute acid backwash of the first regeneration 
cycle is likely confounded with dilution of the dilute acid feed as discussed in Section 5.7.2.4. 
During the third regeneration cycle, the dilute acid backwash was sampled from the receiving 
containers generating composite samples for every 2 BV. The composite uranium elution for the 
third regeneration cycle is shown in Figure 5-26a.The vast majority of the uranium was eluted in 
the first 4 BV, 432 gallons, of dilute acid backwash. 
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Figure 5-25. Chloride Elution from Dilute Acid Backwash during Regeneration 
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Figure 5-26. Uranium Elution from Dilute Acid Backwash during First Regeneration Cycle 
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Figure 5-26a: Composite Uranium Elution from Dilute Acid Backwash during Third 
Regeneration Cycle 

 
Uranium concentration in the tetrachloroferrate regenerant was sampled during each regeneration 
cycle. Samples were composites taken from the receiving container, tank E, of the final 2 BV 
tetrachloroferrate regenerant for each cycle. The uranium remaining after the dilute acid 
backwash is expected to elute at the beginning of the tetrachloroferrate regeneration cycle. This 
sample is believed to approximate the uranium concentration in the feedstock and therefore 
reflect any buildup through multiple cycles. Uranium concentration in the first regeneration cycle 
was 32 µg/L. The uranium concentration in the second regeneration cycle was below the 
reporting limit of 100 µg/L. The uranium concentration in the third regeneration cycle was 180 
µg/L. These results indicate a small buildup of uranium in the regenerant.  

5.7.2.6 Total Iron – Regeneration Process 

5.7.2.6.1 Total Iron – Tetrachloroferrate Regeneration 

Total iron was monitored during the tetrachloroferrate regeneration (backwash) by taking 
composite samples from the receiving containers, whether drums or tanks. Elution of total iron is 
shown in Figure 5-27. There is a lag in total iron elution as the tetrachloroferrate displaces the 
dilute acid followed by a sharp increase in total iron concentration to approximately the 56,000 
mg/L that would be expected for this one molar ferric chloride solution. Effluent total iron 
concentration remains stable after the resin becomes saturated. 
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Figure 5-27. Composite Iron Elution during Tetrachloroferrate Regeneration 
 

5.7.2.6.2 Total Iron – Rinse Steps 

After tetrachloroferrate regeneration, the resin was rinsed with dilute acid. Effluent total iron was 
monitored during the first and second regeneration acid rinse with grab samples and after the 
acid rinse with composite samples taken from the receiving containers. Total iron elution during 
the acid rinse is shown in Figure 5-28 and from the composite samples in Figure 5-29. Total iron 
concentration decreased with volume through 600 gallons acid rinse. After 600 gallons of acid 
rinse, significant iron concentrations are still present in the acidic effluent. 
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Figure 5-28: Total Iron Elution from Acid Rinse during Regeneration 
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Figure 5-29: Composite Total Iron Elution from Acid Rinse during Regeneration 
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After rinsing with dilute acid, the resin was rinsed with second DI Water Rinse. Total iron was 
sampled from the effluent periodically through the second DI rinse. Elution of total iron during 
the second DI rinse is shown in Figure 5-30. While the total iron concentration generally 
declined with rinse volume, the decline was not rapid. In addition, an increase in total iron 
concentration was observed in both the second and third regeneration cycles after significant 
rinse volume. As seen in Figure 5-17, the elution of perchlorate in the second regeneration cycle 
mirrors the elution of total iron in the second regeneration cycle. We suggest that iron may thus 
be a useful surrogate for process control. 
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Figure 5-30 Total Iron Elution from Second DI Rinse during Regeneration 

 
After the second DI rinse, the resin was rinsed with an inorganic solution. Total Iron samples 
were collected periodically during the nontoxic inorganic rinse during all three regeneration 
cycles. Elution of total iron during the nontoxic inorganic rinse is shown in Figure 5-31. Total 
iron concentrations were significantly lower in the first and third regeneration round than in the 
second regeneration round. This was assumed to be due to more complete iron washout in the 
preceeding steps during the first and third regeneration cycle. In both the first and second 
regeneration cycle, a rapid drop in effluent total iron concentration during the nontoxic inorganic 
rinse was followed by a significant spike; concentration of total iron in the third regeneration 
cycle was much lower and this spike was not observed. 
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Figure 5-31: Total Iron Elution from Nontoxic inorganic Rinse during Regeneration 
 
 
After the nontoxic inorganic rinse, the resin was received a final DI rinse before transfer and 
shipment. Total iron was sampled periodically throughout the final DI rinse. Total iron 
concentration from the final DI rinse of the first regeneration cycle dropped from a high of 1.8 
mg/L to an average of 0.26 mg/L. Total iron from the final DI rinse of the second regeneration 
cycle ranged from below the reporting limit of 0.10 mg/L to 0.15 mg/L with no apparent elution 
pattern. Total Iron from the final DI rinse of the third regeneration cycle averaged 0.04 mg/L 
with no apparent elution pattern. 

5.7.2.7 Acidity – Regeneration Process 

Acidity (the capacity of a solution to neutralize base) was monitored from tetrachloroferrate 
regeneration through composite sampling of effluent receiving containers. Acidity of the 
tetrachloroferrate regeneration effluent is shown in Figure 5-32 for all three regeneration cycles. 
As noted with the total iron, there is a lag in effluent acidity during the initial pumping of the 
technlorferrate regeneration solution. The highly acidic tetrachlorferrate solution is displacing 
the dilute acid used in the rinse process. The lag in acidity elution is significantly less than 
observed with total iron as shown in Figure 5-27. The effluent acidity stabilizes as the resin 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 113 April 2010 



becomes saturated and as it approaches the expected maximum value (400,000 mg/L as CaCO3 
for a 4 Molar HCl solution such as that used here). 
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Figure 5-32. Composite Acidity Elution during Tetrachloroferrate Regeneration 
 
After tetrachloroferrate regeneration, the resin was rinsed with dilute acid. Effluent acidity was 
monitored from this acid rinse by taking composite samples from the effluent receiving 
containers. Acidity elution in the acid rinse for the first and second regeneration cycles is shown 
in Figure 5-33; no samples were analyzed for this paramater during the acid rinse in the third 
regeneration cycle. Effluent acidity gradually declines with increasing acid rinse volume from 
near the value expected for the regenerant solution (400,000 mg/L) to approach but not reach the 
acidity of the dilute influent acid (10,000 mg/L). 
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Figure 5-33. Composite Acidity Elution from the Acid Rinse during Regeneration 
 
The acid rinse was followed by a second deionized water rinse and a nontoxic inorganic rinse 
during which no acidity samples were analyzed. After the nontoxic inorganic rinse, the resin was 
received a final DI rinse before transfer and shipment. Acidity was sampled periodically 
throughout the final DI rinse. Acidity from the final DI rinse of the first regeneration cycle 
dropped from a high of 50 to 30 mg/L as CaCO3. Acidity from the final DI rinse of the second 
regeneration cycle was consistently below the reporting limit of 12 mg/L as CaCO3. Acidity 
from the final DI rinse of the third regeneration cycle was consistently reported as 0 mg/L as 
CaCO3 by the Calgon laboratory. These samples were analyzed with the Hach drop count 
titration Acidity method. These samples from the third regeneration cycle (Final Rinse) were 
completely titrated to a phenolphthalein end point with only one drop of titrant which led the 
laboratory to report the Acidity as zero. Since the increments for this titration are 5ppm, this can 
be considered as non-detect < 5 ppm acidity (as CaCO3). 

5.7.2.8 Nitrosamines – Regeneration Process 

Samples from the regeneration procedure were analyzed for nitrosamines from all three 
regeneration cycles; nitrosamine results are summarized in Table 5-24. All eight target 
nitrosamines were found over the course of the three regeneration cycles. NDPA was quantified 
in only one sample, a composite sample from the first 2 BV tetrachloroferrate during the third 
regeneration cycle, at a concentration less than 2 percent of all nitrosamines quantified in the 
sample. Similarly, NEMA was only found in one sample, a composite of the last 2 BV 
tetrachloroferrate during the first regeneration cycle. 
 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 115 April 2010 



ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 116 April 2010 

During the first regeneration cycle, the last 2 BV tetrachloroferrate, Tank E, contained modest 
concentrations of NDEA and NDMA. These were also found at modest concentrations in the 
acid rinse immediately following tetrachloroferrate regeneration, Acid Rinse. Subsequent rinses 
contained modest concentrations of NPIP and NDBA in addition to smaller amounts of NDEA 
and NDMA. 
 
During the second regeneration, the tetrachloroferrate feed, Tank C, did not contain quantifiable 
concentrations of the eight target nitrosamines; this feed material excluded the first 2 BV 
tetrachloroferrate from the first regeneration cycle which had been collected in drums but 
included the last 4 BV tetrachloroferrate from the first regeneration cycle. A composite sample 
from the first 2 BV tetrachloroferrate, Regen Drum 5 (from ESTCP#2), contained moderate 
concentrations of NDBA, NDMA, and NMOR and more modest concentrations of NPYR, 
NDEA, and NPIP. 
 
During the third regeneration cycle, much higher concentrations of nitrosamines were quantified 
from the dilute acid backwash, 0.1N Acid Wash Comp (BV1-10), than in the previous cycles. 
The tetrachloroferrate feed, Reactor Tank (Comp)(6/16-19/08), contained high concentrations of 
NMOR, NDMA, and NDEA; the feed material contained destruction reactor effluent from the 
second regeneration round [Reactor Composite (21+22+26)], untreated tetrachloroferrate 
effluent from the second regeneration round, and virgin tetrachloroferrate. The tetrachloroferrate 
effluent: Regen Drum-5 (from ESTCP#3), Regen Composite (Drum 3-> 10), and Tank-E 
Composite (BV5+6); contained significant concentrations of various nitrosamines but all were 
lower than the tetrachloroferrate influent. 
 
Elevated concentrations of various nitrosamines are eluted from the resin in many of the 
regeneration process steps. The sampling plan was not designed to identify the source of the 
nitrosamines so it is not certain whether the recovered nitrosamines were removed from water 
during wellhead treatment and subsequently desorbed, inherent in the resin and leached through 
the regeneration process, created during the regeneration process, or produced after regeneration 
and prior to sampling. The dominant nitrosamine species appears to change through the 
regeneration process and may also change from loading cycle to loading cycle. 
Adsorption/desorption of nitrosamines or precursors is a likely cause of the progression of 
nitrosamine species. 
 
 



Table 5-24. Nitrosamines Measured During Regeneration Processes 

  Sample Name 
Date 

Sampled 

N
D

M
A

 

N
EM

A
  

N
D

EA
 

N
D

PA
  

N
M

O
R

  

N
PY

R
  

N
PI

P 
 

N
D

B
A

 

     ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 

Acid Wash Tank 10/29/2007 2.5 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 13 
Tank E 7/19/2007 16 7.1 17 < 2.0 < 2.0 < 2.0 220 3.1 
Acid Rinse 7/19/2007 27 < 4.0 42 < 4.0 < 4.0 < 4.0 < 4.0 < 4.0 
DI Rinse (first) 7/20/2007 12 < 2.0 4.0 < 2.0 < 2.0 < 2.0 12 2.8 
Bicarbonate Rinse 7/24/2007 12 < 2.0 6.2 < 2.0 < 2.0 < 2.0 16 52 
DI Rinse (second) 7/21/2007 14 < 2.0 3.0 < 2.0 < 2.0 < 2.0 19 2.5 

First Regen 
Round 

  

DI Water 10/29/2007 7.5 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
Dilute Acid Backwash 12/19/2007 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
Tank C 12/21/2007 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
Regen Drum-5 (from ESTCP#2) 7/11/2008 310 < 10 56 < 10 270 87 15 730 
Tank E 12/21/2007 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
Acid Rinse Barrel 8 12/21/2007 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
Second DI Rinse 12/19/2007 4.6 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 6.7 

Second Regen 
Round 

DI Blank 12/19/2007 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 
Pittsburgh Water Blank 6/6/2008 < 2.0 < 2.0 < 2.0 < 2.0 14 < 2.0 < 2.0 < 2.0 
Backwash Initial (from ESTCP #3) 7/11/2008 2 < 2.0 < 2.0 < 2.0 9 < 2.0 < 2.0 3.7 
0.1N Acid Wash Comp (BV1-10) 7/9/2008 100 < 20 40 < 20 99 < 20 52 55 
Reactor Composite (21+22+26) 6/9/2008 64 < 2.0 150 < 2.0 240 < 2.0 13 550 
Reactor Tank(Comp)(6/16-19/08) 6/24/2008 4300 < 100 1500 < 100 6400 < 100 150 230 
Regen Drum-5 (from ESTCP#3) 7/11/2008 2500 < 20 250 76 1100 230 250 190 
Regen Composite (Drum 3-> 10) 7/9/2008 220 < 2.0 34 < 2.0 45 11 21 26 
Tank-E Composite (BV5+6) 7/10/2008 2300 < 20 37 < 20 48 < 20 40 28 
Rinse Composite (1-> 8) 7/9/2008 1500 < 20 440 < 20 1200 < 20 87 69 

Third Regen 

Final Tap H2O Rinse 7/9/2008 < 2.0 < 2.0 < 2.0 < 2.0 2.9 < 2.0 < 2.0 2.6 
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5.7.2.9 VOCs 

Samples selected using professional judgment were analyzed for VOCs throughout the 
regeneration process during all three regeneration rounds. Several VOC were found as 
documented in appendix C. The dominant VOCs included: chloromethane, 1,2-dichloroethane, 
and chloroform. Although several VOCs were generated in the destruction process, this is clearly 
not the only source of VOC, since they were present in tetrachloroferrate solutions that did not 
contain reactor destruction products. Furthermore, chloromethane was also present in the first 
cycle tetrachloroferrate effluent from the regeneration vessel. It is unclear whether the VOCs are: 
 

• present below detection limits in the groundwater and concentrated on the resin 
during field treatment and then desorbed during regeneration (although IX resins are 
not designed to sorb neutral trace organics, since they are organic polymers this 
mechanism is possible),  

• entered the process as contaminants in the reagents used, or  

• were created through some chemical reaction during the ion-exchange or regeneration 
process.  

 
It is clear that VOCs can be effectively removed from the regenerated resin for field re-use, 
because VOCs were only an issue in the field after the first regeneration (see Section 5.7.1.19). 
During this first regeneration cycle, the resin was rinsed in an atypical direction because of 
plumbing issues and it was also performed using newly constructed PVC piping. 
 
During the first regeneration cycle, 47 µg/L of chloromethane was found in the tetrachloroferrate 
effluent at BVs 5 and 6. The appearance of this VOC was not associated with the destruction 
reaction since it preceded destruction operations.  
 
During the second regeneration cycle, 470 µg/L of chloromethane and 110 µg/L of 1,2-
dichloroethane were found in the tetrachloroferrate feed. This tetrachloroferrate contained 
recycled and fresh tetrachloroferrate but none that had passed through the perchlorate destruction 
reactor. During the second regeneration cycle, 200 µg/L of chloromethane and 180 µg/L of 1,2-
dichloroethane were found in the second BV tetrachloroferrate effluent from the regeneration 
vessel.  
 
During the third regeneration cycle, no VOCs were found above reporting limits in the 
tetrachloroferrate feed at the time it was used for regeneration. However, VOCs had been 
identified in some recycle material from the destruction reactor that was later used to make up 
this tetrachloroferrate feed. It seems likely that some VOCs were lost, perhaps due to 
volatilization, from this tetrachloroferrate in storage. The storage vessels were not designed to 
contain VOCs and the storage period was long (see Figure 5-9). 
 
A composite sample from the first 2 BVs of tetrachloroferrate effluent in the third regeneration 
cycle contained 140 µg/L of chloromethane and 120 µg/L of 1,2-dichloroethane while the 
composite from BVs 5-6 of tetrachloroferrate effluent contained 56 µg/L of chloromethane and 
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<10 µg/L of 1,2-dichloroethane. These samples support the hypothesis that VOCs are desorbed 
and/or created during the tetrachloroferrate regeneration step. 
 
Carbon tetrachloride (CT) was not observed in analyses of tetrachloroferrate regenerant solution 
at any time during the demonstration. Three µg/L of CT was, however, observed in each of the 
two rinse samples collected at the end of the first regeneration round. CT never again appeared in 
rinse samples in succeeding rounds. As discussed in Section 5.7.1.19, CT also was observed in 
one effluent sample after this resin was installed at Fontana. We thus suspect that this is an 
isolated one time occurrence.  

5.7.2.10 SVOCs and N/P Pesticides 

Samples selected, using professional judgment, were analyzed for SVOCs and Pesticides 
throughout the regeneration process during all three regeneration rounds. No SVOC or N/P 
pesticides were found above the reporting limit for any of the regeneration samples including 
tetrachloroferrate regenerant, dilute acid washes, dilute acid rinses, or other water rinses. Data is 
provided in Appendix C. 

5.7.3 Destruction Unit Process Sampling Results 

A portion of the effluent tetrachloroferrate regenerant from the first and second regeneration 
cycles were selected for treatment in the destruction reactor. Liquid ferrous iron was added to 
provide reducing power. A series of parametric tests was performed with the tetrachloroferrate 
regenerant from the first regeneration cycle. A series of destruction runs was performed at 
production conditions with tetrachloroferrate regenerant from the second regeneration cycle 
followed by a final series of parametric destruction tests. The reactor was normally flushed after 
each run with an acid solution. During some parametric destruction runs a change in flow rate 
and/or reaction temperature occurred without an intervening acid flush. 

5.7.3.1 Perchlorate - Destruction 

During the first set of destruction tests, the feed to the destruction reactor was typically sampled 
once for each run. Effluent was sampled periodically although the destruction runs, with varying 
numbers of samples per run; the focus of the parametric tests in the first destruction cycle was to 
obtain steady state data. Assuming a plug flow reactor model, reactor effluent would have been 
expected to approach steady state after 2 or 3 reactor volumes. Figure 5-34 shows the perchlorate 
effluent concentration from a parametric destruction run at a temperature of 169 °C and a 
residence time of 2.8 hours. Feed for this run commenced at 08:15 on 10/02/2007. The effluent 
perchlorate concentration does not appear to have completely stabilized over the 20 hours of 
operation – it shows a slow upward drift. There appears to have been a period of perchlorate 
stability beginning at 16:00 on 10/02/2007 but this period is characterized by large changes in 
other reactants, for example the instability of ferrous iron concentration is shown in Figure 5-34 
for illustrative purposes. Thus, effluent concentrations based on a short duration run are likely 
representative of a pseudo-steady state and should be used with caution in extending this work. 
End-of-run reactant results from the first destruction cycle parametric tests are presented in Table 
5-25. We believe that these end-of-run results are as close to steady state as is available. 
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Perchlorate concentrations at the influent to the destruction reactor ranged from 602-622 mg/L. 
Perchlorate concentrations at the effluent to the destruction reactor ranged from < 1.25 mg/L to 
122 mg/L. All of the parametric tests at 188-190 °C produced effluent perchlorate concentrations 
of < 1.25 mg/L. Effluent perchlorate concentrations when the reactor was operated at cooler 
temperatures of 169-177 °C were higher. In the 22-23 mL/min flow rate reactor runs the 
destruction of perchlorate increased sharply as temperature increased. 
 

 
 

Figure 5-34: Typical Destruction Reactor Perchlorate Effluent Profile during First 
Destruction Cycle Parametric Tests (Temperature 169 C, Residence Time 2.8 hours) 
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Table 5-25. Summary of Reactants from Parametric Destruction Tests during First 
Destruction Cycle (flow rates 20-23 mL/min green shaded, 40-45 mL/min blue shaded) 

 

 Flow, 
mL/min 

Temp, 
C 

Location CLO4- 
mg/L 

NO3-, 
mg/L 

NO2-, 
mg/L 

Fe(II),
mg/L 

Influent 602 5607 1630 24500 10/03/07 04:00 
10/03/07 06:00 

22 169 
Effluent 122 498 3460 14500 
Influent 613 4370 2810 27000 10/04/07 08:00 

10/04/07 12:00 
23 177 

Effluent 14.4 971 4040 14500 
Influent 612 3990 2660 25500 10/11/07 15:00 

10/12/07 09:00 
23 190 

Effluent < 1.25 682 3517 13500 
Influent 621 5450 2600 26500 11/17/07 14:00 

11/17/07 18:00 
44 188 

Effluent < 1.25 360 4640 13500 
Influent 622 5450 2560 31000 11/20/07 14:00 

11/20/07 14:00 
58 189 

Effluent < 1.25 492 4905 18000 
Influent 622 5450 2560 31000 11/20/07 17:00 

11/20/07 19:00 
58 177 

Effluent 87.6 377 5100 12500 
Influent 622 5450 2560 31000 11/21/07 01:00 

11/21/07 03:00 
59 177 

Effluent 101 339 5780 12250 
Influent 622 5450 2560 31000 11/21/07 21:00 

11/21/07 21:00 
44 177 

Effluent 28.7 380 5490 18500 
 
After the second regeneration cycle, a “production” series of destruction runs were performed on 
a portion of the second regeneration tetrachloroferrate effluent. During this period runs were 
performed daily for approximately 8 hours and the system was left idle overnight. The 
tetrachloroferrate regenerant was not homogenized prior to destruction in this series resulting in 
a wide range of composition at the destruction reactor influent. Perchlorate concentrations for 
influent and effluent to the destruction reactor for these runs are summarized in Table 5-26. 
Influent perchlorate concentrations ranged from 155 to 1,550 mg/L depending on the source 
material used. Influent material was managed to some extent to reduce operational problems. 
The effluent from the destruction reactor was sampled as a composite and is not likely 
representative of steady-state conditions. Effluent perchlorate concentrations ranged from < 1.25 
to 206 mg/L. 
 
 

Table 5-26. Summary of Reactants from Production Destruction Runs during Second 
Destruction Cycle 

Date Temp, C 
Flow, 

mL/min Locationa 
CLO4-, 
mg/L 

NO3-, 
mg/L Fe(II), mg/L 

Drum 7    1/24/2008 186-188 59-63 
    

Drum 7    1/28/2008 189-190 57-63 
Effluent Comp < 1.25 < 50  

Drum 7 503 101  1/29/2008 188-190 57-63 
Effluent Comp < 1.25 99 33500 
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Date Temp, C 
Flow, 

mL/min Locationa 
CLO4-, 
mg/L 

NO3-, 
mg/L Fe(II), mg/L 

Drum 7    1/30/2008 190 57-62 
Effluent Comp    

Drum 7 482 99 37000 1/31/2008 190-191 57-62 
Effluent Comp < 1.25 106 32500 

Drum 7    2/4/2008 190-191 56-63 
Effluent Comp    

Drum 7    2/5/2008 190 55-63 
Effluent Comp    

Drum 6 1550 12400 26000 2/6/2008 190-191 56-63 
Effluent Comp 13 60 23500 

Drum 6 + Drum 8    2/7/2008 190 26-30 
Effluent Comp    

Drum 6 + Drum 8 672 3570 32000 2/8/2008 190-191 27-31 
Effluent Comp 7.09 226 13500 

Drum 6 + Drum 8    2/11/2008 190-191 29-39 
Effluent Comp    

Drum 6 + Drum 8 592 3370 27500 2/12/2008 190 29-32 
Effluent Comp < 1.25 180 13000 

Drum 6 + Drum 8 781 6700 21300 2/19/2008 186-190 10-45 
Effluent Comp 206 186 1200 

Drum 6 + Drum 8 766 6900 20500 2/20/2008 183-190 18-90 
Effluent Comp 115 636 1350 

Drum 8 206 308 38500 2/21/2008 183-189 36-51 
Effluent Comp < 1.25 < 50 34000 

Drum 8 165 55 39500 2/25/2008 183-185 42-52 
Effluent Comp < 1.25 < 50 35500 

Drum 8 162 < 50 37500 2/26/2008 182-183 50-51 
Effluent Comp < 1.25 < 50 40250 

Drum 8 158 < 100 36750 2/27/2008 182-190 52-60 
Effluent Comp < 1.25 < 100 41000 

Drum 8 155 < 100 42250 2/28/2008 189-190 57-60 
Effluent Comp < 1.25 < 100 35750 

Drum 6 + tank E 551 4870 34250 3/4/2008 190-191 18-120 
Effluent Comp < 1.25 204 38000 

Drum 6 + tank E 537 5310 41750 3/6/2008 190-191 20-122 
Effluent Comp 1.85 354 24500 

Drum 6 + tank E 527 5490 41000 3/10/2008 189-191 23-60 
Effluent Comp 42.7 419 12000 

Drum 6 + tank E 461 3070 31000 3/11/2008 187-190 45-63 
Effluent Comp    

Drum 6 + tank E 371 2730 33500 3/12/2008 189-190 27-58 
Effluent Comp < 1.25 275 22000 

Drum 6 + tank E 373 2800 34500 3/13/2008 189-190 41-58 
Effluent Comp < 1.25 244 17500 

a Location designates the feedstock source (i.e. drum or tank), listed first, followed by effluent 
destination. 
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After the “production” destruction runs, a second series of parametric tests were performed with 
some of the remaining tetrachloroferrate regenerant from the second regeneration cycle. While 
the first set of parametric tests ranged from 169 to 190C with flows from 22-59 mls/min this 
second set ranged from 161-181 °C at flows from 20-40 mls/min. The second set of destruction 
parametric tests were run with an influent perchlorate concentration approximately half that used 
in the first set but a similar nitrate influent concentration. A single sample was collected to 
reflect influent perchlorate concentration from the homogenate used during the second set of 
parametric tests. These tests were relatively short with a single effluent sample extracted near the 
end of the test. Perchlorate concentrations during these tests are summarized in Table 5-27. The 
sample date on the influent sample is believed to be subject to a recording error; a sample date of 
03/24/2008 is likely but cannot be confirmed. At a 40 mL/min flow rate, effluent concentration 
declined as temperature increased from 157 mg/L at 161 °C to 2.39 mg/L at 180 C. At 20 
mL/min flow rate, effluent concentration declined as temperature increased from 95.7 mg/L at 
161 °C to < 1.25 mg/L at 181 C. These results were consistent in both sets of parametric tests 
(tables 5-25 and 5-27). Results of both sets of parametric tests are inter-compared in Section 6.4. 
 

Table 5-27. Summary of Reactants from Parametric Destruction Tests during Second 
Destruction Cycle (flow rates 20-23 mL/min green shaded, 40-45 mL/min blue shaded) 

 Flow, 
mL/min 

Temp, 
C 

Location CLO4-
mg/L 

NO3-, 
mg/L 

Fe(II), 
mg/L 

02/24/08 15:00   Influent 332 3690 28000 
03/19/08 16:00 21 161 Effluent 95.7 509 8500 
03/20/08  40 161 Effluent 157 1940 1150 
03/20/08 17:30 40 171 Effluent 70.4 727 1350 
03/21/08 15:00 20 170 Effluent 16.0 1540 1200 
03/22/08 15:00 20 181 Effluent < 1.25 446 13000 
03/24/08 15:00 40 180 Effluent 2.39 912 13500 
 
 

5.7.3.2 Nitrate - Destruction 

The feed to the destruction reactor was typically sampled once for each run. Effluent was 
sampled periodically although the destruction runs with varying schedules; the focus of the 
parametric tests in the first destruction cycle was to obtain steady state data. Assuming a plug 
flow reactor model, reactor effluent would have been expected to approach steady state after two 
or three reactor volumes. Figure 5-35 shows the nitrate and nitrite effluent concentration from a 
parametric destruction run at a temperature of 169 °C and a residence time of 2.8 hours. Feed for 
this run commenced at 08:15 on October 2, 2007. The effluent nitrate and nitrite concentrations 
appear to have stabilized after 20 hours of operation. Although the nitrate concentration appears 
to have stabilized, the ferrous iron concentration continues to rise after 20 hours of operation. 
Effluent concentrations based on a short duration run are likely representative of a pseudo-steady 
state and should be used with caution in extending or scaling up this work. Representative 
reactant results from the first destruction cycle parametric tests are presented in Table 5-25. 
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Influent nitrate concentrations for the first round parametric tests ranged from 3990 to 5607 
mg/L. Effluent nitrate concentrations ranged from 339 to 971 mg/L. 
 
Nitrite was also evaluated in the first round of parametric tests. Reactor influent nitrite 
concentrations ranged from 1630 to 2,810 mg/L. Effluent nitrite concentrations ranged from 
3,460 to 5,780 mg/L. This significant increase in nitrite concentration through the reactor 
appeared to be coincident with a significant decrease in nitrate concentration. 
 
 

 

Figure 5-35: Typical Destruction Reactor Nitrate Effluent Profile during First Destruction 
Cycle Parametric Tests 

 
After the second regeneration cycle, a second series of destruction runs were performed on a 
portion of the second regeneration tetrachloroferrate effluent. The tetrachloroferrate regenerant 
was not homogenized prior to destruction resulting in a wide range of composition at the 
destruction reactor influent. Nitrate concentrations for influent and effluent to the destruction 
reactor for these runs are summarized in Table 5-26; nitrite concentrations were not determined 
separately for the second destruction cycle. Influent nitrate concentrations ranged from < 50 to 
12,400 mg/L depending on the source. Influent material was managed to some extent to reduce 
operational problems. The effluent from the destruction reactor was sampled as a composite and 
is not likely representative of steady-state conditions. Effluent nitrate concentrations ranged from 
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< 50 to 636 mg/L. In general there was considerable removal of nitrate across the destruction 
reactor when the feed concentration was above 1,000 mg/L nitrate. 
 
After the bulk destruction runs, a series of parametric tests were performed with a homogenate 
prepared with a portion of the remaining tetrachloroferrate regenerant from the second 
regeneration cycle. A single sample was collected to reflect influent nitrate concentration during 
the parametric tests. These tests were relatively short with a single effluent sample extracted near 
the end of the test. Nitrate concentrations during these tests are summarized in Table 5-27. The 
sample date on the influent sample is believed to be a recording error; a sample date of 
03/24/2008 is likely but cannot be confirmed. There are no clear patterns in the effluent nitrate 
concentrations in this dataset other than that the effluent was always below the influent 
concentration. Nitrate removal in the destruction reactor does not show the same clear 
dependence on increasing temperature seen for perchlorate removal. 

5.7.3.3 Sulfate- destruction unit process 

Sulfate was monitored from the influent and effluent of the destruction reactor during the first 
and second destruction rounds parametric tests and the second destruction round production 
tests. Calgon’s analysis results are presented in tables 5-28, 5-29, and 5-30. In the first 
destruction round parametric tests, sulfate dropped from nominally 800 mg/L to nominally 250 
mg/L between the 11/17/2007 tests and the 11/20/2007 tests; this presumably reflects slightly 
different composition of different batches of feedstock. Sulfate concentrations in the second 
destruction round were nominally 300 mg/L for both the parametric and production tests. Sulfate 
appears to be conserved across the destruction reactor being neither liberated nor destroyed. 
 

Table 5-28. Summary of Major Conserved Analytes from Parametric Destruction Tests 
during First Destruction Cycle 

 Flow, 
mL/min Temp, C Location SO4=, 

mg/L 
Total Fe, 

mg/L 
Acidity, mg 

CaCO3/L 
Influent 794 83000 375000 10/03/07 04:00 

10/03/07 06:00 
22 169 

Effluent 801 82500 350000 
Influent 842 84000 375000 10/04/07 08:00 

10/04/07 12:00 
23 177 

Effluent 750 82500  
Influent 878 81500 350000 10/11/07 15:00 

10/12/07 09:00 
23 190 

Effluent 740 80500 350000 
Influent 692 80000 375000 11/17/07 14:00 

11/17/07 18:00 
44 188 

Effluent 401 81000 350000 
Influent 246 78500 375000 11/20/07 14:00 

11/20/07 14:00 
58 189 

Effluent 293 78500 375000 
Influent 246 78500 375000 11/20/07 17:00 

11/20/07 19:00 
58 177 

Effluent 240 77500 350000 
Influent 246 78500 375000 11/21/07 01:00 

11/21/07 03:00 
59 177 

Effluent 271 78000 350000 
Influent 246 78500 375000 11/21/07 21:00 

11/21/07 21:00 
44 177 

Effluent 234 79500 375000 
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Table 5-29. Summary of Major Conserved Analytes from Production Destruction Runs 

during Second Destruction Cycle 

Date Temp, C Flow, 
mL/min Location SO4=,mg/L Total Fe, 

mg/L 
Acidity, mg 

CaCO3/L 
Drum 7    

1/24/2008 186-188 59-63 
    

Drum 7    
1/28/2008 189-190 57-63 

Effluent Comp 306  325000 

Drum 7 330  375000 
1/29/2008 188-190 57-63 

Effluent Comp 311 51500 350000 

Drum 7    
1/30/2008 190 57-62 

Effluent Comp    

Drum 7 309 87500 375000 
1/31/2008 190-191 57-62 

Effluent Comp 314 55500 375000 

Drum 7    
2/4/2008 190-191 56-63 

Effluent Comp    

Drum 7    
2/5/2008 190 55-63 

Effluent Comp    

Drum 6 328 76000 325000 
2/6/2008 190-191 56-63 

Effluent Comp 321 86500 350000 

Drum 6 + Drum 8    
2/7/2008 190 26-30 

Effluent Comp    

Drum 6 + Drum 8 329 85500 325000 
2/8/2008 190-191 27-31 

Effluent Comp 331 78000 300000 

Drum 6 + Drum 8    
2/11/2008 190-191 29-39 

Effluent Comp    

Drum 6 + Drum 8 321 87000 350000 
2/12/2008 190 29-32 

Effluent Comp 328 86000 350000 

Drum 6 + Drum 8 333 84000 350000 
2/19/2008 186-190 10-45 

Effluent Comp 387 80500 350000 

Drum 6 + Drum 8 329 84500 375000 
2/20/2008 183-190 18-90 

Effluent Comp 360 83500 350000 

Drum 8 321 89000 375000 
2/21/2008 183-189 36-51 

Effluent Comp 375 86000 350000 

Drum 8 285 90000 350000 
2/25/2008 183-185 42-52 

Effluent Comp 360 85000 350000 

Drum 8 294 90000 375000 
2/26/2008 182-183 50-51 

Effluent Comp 340 88500 375000 
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Date Temp, C Flow, 
mL/min Location SO4=,mg/L Total Fe, 

mg/L 
Acidity, mg 

CaCO3/L 
Drum 8 423 88500 375000 

2/27/2008 182-190 52-60 
Effluent Comp 356 88000 350000 

Drum 8 397 88000 375000 
2/28/2008 189-190 57-60 

Effluent Comp 356 86500 350000 

Drum 6 + tank E 358 85500 375000 
3/4/2008 190-191 18-120 

Effluent Comp 359 88500 325000 

Drum 6 + tank E 355 92000 375000 
3/6/2008 190-191 20-122 

Effluent Comp 329 81500 325000 

Drum 6 + tank E 355 93500 350000 
3/10/2008 189-191 23-60 

Effluent Comp 537 81500 325000 

Drum 6 + tank E 345 81500 375000 
3/11/2008 187-190 45-63 

Effluent Comp    

Drum 6 + tank E 275 85500 375000 
3/12/2008 189-190 27-58 

Effluent Comp 269 82500 350000 

Drum 6 + tank E 283 86000 375000 
3/13/2008 189-190 41-58 

Effluent Comp 283 82500 350000 

 
 

Table 5-30. Summary of Major Conserved Analytes from Parametric Destruction Tests 
during Second Destruction Cycle 

 Flow, 
mL/min 

Temp, 
C Location SO4=, mg/L Total Fe, 

mg/L 
Acidity, mg 

CaCO3/L 
02/24/08 15:00   Influent 331 83000 325000 

03/19/08 16:00 21 161 Effluent 312 77500 325000 

03/20/08  40 161 Effluent 333 84000 350000 

03/20/08 17:30 40 171 Effluent 307 86500 325000 

03/21/08 15:00 20 170 Effluent 342 80500 325000 

03/22/08 15:00 20 181 Effluent 317 84500 325000 

03/24/08 15:00 40 180 Effluent 288 77000 300000 

 
 

5.7.3.4 NDMA, NDEA, and NDPA in destruction unit process 

Samples were analyzed for nitrosamines from the parametric destruction tests performed after 
the first and second regeneration rounds; nitrosamine results are summarized in Table 5-31. 
Eight target nitrosamines were quantified in destruction reactor effluent. Modest amounts of 
NEMA were quantified from a single sample and were below reporting limits in all others.  
 



Table 5-31. Nitrosamines Measured During Parametric Destruction Tests 

  Sample Name 
Date 

Sampled 

N
D

M
A

  

N
E

M
A

 

N
D

E
A

 

N
D

P
A

 

N
M

O
R

 

N
P

Y
R

  

N
P

IP
  

N
D

B
A

 

     ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Feedstock 10/15/2007 8400E   890E 8.9         First 

Destruction 
Round 10-12' Destruction Solutiona 10/12/2007 420   28 < 4.0         

Reactor Feed (3/24/08)(13:00) 3/24/2008 4800 < 100 530 < 100 2000 < 100 220 3300 
Reactor Out (160/20)b 3/19/2008 12 < 2.0 < 2.0 < 2.0 < 2.0 47 5.5 1400E 
Reactor Out(160/40)b 3/20/2008 2100 < 100 890 < 100 1600 < 100 < 100 1600 
Reactor Out (170/40)b 3/20/2008 670 < 2.0 2400 4.4 54 150 38 1100 
Reactor Out(170/20)b 3/21/2008 250 14 < 10 < 10 160 56 44 550 
Reactor Out(180/40)b 3/24/2008 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 59 16 310 

Second 
Destruction 

Run 

Reactor Out(180/20)b 3/24/2008 180 < 2.0 270 3 54 870E 120 16000E
E: estimated value; exceeds calibrated range. 
a Reaction temperature of 190 °C, feedrate of 23 mL/minute 
b Parenthetical notation is nominal temperature in °C/ nominal flow rate in mL/minute 
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The feedstock for the first destruction round was derived from the first 2 BV tetrachloroferrate 
from the first regeneration round. The feedstock contained high concentrations of NDMA and 
lower concentrations of both NDEA and NDPA; the other five nitrosamines on the typical 
nitrosamine target list were not included on the target list for the first destruction round. This 
result in the effluent feed appears to be consistent with the elution of high nitrosamine 
concentrations in the early stages of tetrachloroferrate regeneration. The destruction reactor 
effluent sample, 10-12' Destruction Solution, was taken from the destruction reactor operating at 
190 °C with a feed of 23 mL/minute, a nominal 2.7 hour average residence time. Concentration 
of NDMA, NDEA, and NDPA in the destruction reactor effluent was significantly reduced from 
the feedstock concentration. 
 
The feedstock for the second destruction round was derived from the first 2 BV tetrachloroferrate 
and the last 2 BV tetrachloroferrate from the second regeneration round. The feedstock contained 
high concentrations of NDMA, NDBA, and NMOR. This feedstock characterization again 
appears to be consistent with the elution of high nitrosamine concentrations in the early stages of 
tetrachloroferrate regeneration. Effluent samples were collected from the destruction reactor 
during each of the second round parametric tests, varying the reaction temperature from 160 to 
180 °C and the feed rate from 20 to 40 mL/minute. In general, the nitrosamines appear to be 
destroyed in the reactor. The extent of the destruction reaction generally increases with higher 
temperature and longer residence time. In contrast, the effluent from the 180 °C test with 3 hour 
residence time, Reactor Out (180/20), appears to have generated significantly higher 
concentrations of NDBA and NPYR than found in the feedstock; a review of the analytical 
report has given no reason to suspect these results are in error although the concentrations are 
estimates as a result of exceeding the calibrated range of the instrument. Other nitrosamines from 
the effluent of this same 180 °C test with three-hour residence time are at higher concentration 
than found in the sample from the 180 °C test with 1.5 hour residence time. Further, NDEA 
concentrations in two of the second round parametric tests were higher than the concentration in 
the feedstock. These data suggest that both destruction and formation of nitrosamines may be 
occurring in the destruction reactor. As discussed above in Section 5.7.3.1 the destruction 
reactions unexpectedly had not reached steady state after a substantial period of operation, this 
may account for some of the variability in the nitrosamine concentrations in the effluent. 

5.7.3.5 pH – destruction reactor 

Samples were analyzed for pH from the parametric destruction tests performed after the first and 
second regeneration rounds. pH samples were collected from the feedstock and the effluent of 
the destruction reactor. Samples were consistently less than pH 2. This is consistent with the 
tetrachloroferrate source material which was intended to contain 4 molar HCl. Samples from the 
first destruction round were reported as pH 2.00; this specific result is suspect as a reporting 
artifact. 

5.7.3.6 TDS 

Samples were analyzed for TDS from the parametric destruction tests performed after the first 
and second regeneration rounds. In the first destruction round, both the feedstock and the 
destruction reactor effluent contained 220,000 mg/L TDS; no change in TDS was observed as a 
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result of destruction operations. During the second destruction round, the effluent of the 
parametric tests averaged 590,000 mg/L TDS, slightly lower than the TDS of the feedstock. 
Although the absolute TDS concentration is significantly different in the first and second 
destruction round feedstocks, the difference does not appear to be important to the performance 
of the technology. 

5.7.3.7 TOC 

Samples were analyzed for TOC from the parametric destruction tests performed after the first 
and second regeneration rounds. The feedstock for the first destruction round contained 33 mg/L 
TOC; significantly higher than the effluent from the parametric test at 190 °C and 2.7 hour 
average residence time, 10-12' Destruction Solution. 
 
The feedstock for the second destruction round contained substantially lower concentration of 
TOC (8.3 mg/l) compared to the first destruction round feedstock. The destruction reactor 
effluent TOC varied considerably, between 1.6 and 5.8 mg/L, over the parametric tests. TOC 
concentrations are quite high relative to VOC and nitrosamine concentrations. There is sufficient 
TOC to account for VOCs, nitrosamines, or their precursors in the destruction reactor feedstocks 
and effluents. 

5.7.3.8 Chloride 

Samples were analyzed for chloride from the parametric destruction tests performed after the 
first and second regeneration rounds. In the first destruction round, both the feedstock and the 
destruction reactor effluent contained 230,000 mg/L chloride; no change in chloride was 
observed as a result of destruction operations. During the second destruction round, the effluent 
of the parametric tests averaged 275,000 mg/L chloride; the average was not significantly 
different from the feedstock chloride concentration. 

5.7.3.9 Fluoride 

Samples were analyzed for fluoride from the parametric destruction tests performed after the first 
and second regeneration rounds. No fluoride was detected at the dilution required to perform the 
analysis. 

5.7.3.10 Title 22 Metals and Major Cations 

Samples were analyzed for Title 22 metals from the parametric destruction tests performed after 
the first and second regeneration rounds; the major cations: calcium, potassium, magnesium and 
sodium; were not evaluated in the destruction tests. The analytical results are summarized in 
Table 5-33. Aluminum, chromium, copper, and Nickel were the most abundant of the Title 22 
metals found and were comparable between the first and second destruction cycle. Destruction 
reactor effluents from both the first and second destruction rounds contained approximately the 
same concentrations of Title 22 metals on average as their respective feedstocks. 
 
 



Table 5-32. General Water Quality Parameters Measured during Parametric Destruction Tests 

  Sample Name 
Date 

Sampled 

pH
 

TD
S

 

TO
C

 

C
hl

or
id

e 

Fl
uo

rid
e 

       mg/L mg/L mg/L mg/L 
Feedstock 10/15/2007 2.00 220000 33 230000 < 100 First 

Destruction 
Round 10-12' Destruction Solutiona 10/12/2007 2.00 220000 3.4 230000 < 100 

Reactor Feed (3/24/08)(13:00) 3/24/2008 < 2 730000 8.3 280000 < 200 
Reactor Out (160/20)b 3/19/2008 < 2 670000 1.6 240000 < 100 
Reactor Out(160/40)b 3/20/2008 < 2 610000 5.8 290000 < 200 
Reactor Out (170/40)b 3/20/2008 < 2 520000 4.3 270000 < 200 
Reactor Out(170/20)b 3/21/2008 < 2 600000 5.2 310000 < 200 
Reactor Out(180/40)b 3/24/2008 < 2 560000 4.2 240000 < 200 

Second 
Destruction 

Run 

Reactor Out(180/20)b 3/24/2008 < 2 590000 4.2 300000 < 200 
a Reaction temperature of 190 °C, feedrate of 23 mL/minute 
b Parenthetical notation is nominal temperature in °C/ nominal flow rate in mL/minute 
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5.7.3.11 Dissolved Fe 

Samples were analyzed for dissolved Fe from the parametric destruction tests performed after the 
first and second regeneration rounds. The dissolved Fe results are presented in Table 5-34. The 
feedstock for the first destruction round contained 84,000,000 µg/L dissolved Fe while the 
feedstock for the second destruction round contained 74,000,000 µg/L. No dissolved Fe appears 
to be lost in the destruction process as evidenced in the effluent samples. 

5.7.3.12 Dissolved Mn 

Samples were analyzed for dissolved Mn from the parametric destruction tests performed after 
the first and second regeneration rounds. The dissolved Mn results are presented in Table 5.34. 
The feedstock for the first destruction round contained 420,000 µg/L dissolved Mn while the 
feedstock for the second destruction round contained 390,000 µg/L. No dissolved Mn appears to 
be lost in the destruction process as evidenced by the effluent samples. 
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Table 5-33. Title 22 Metals from Parametric Destruction Tests 

  Sample Name 
Date 

Sampled 

To
tal

 A
l 

To
tal

 A
g 

To
tal

 A
s 
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tal

 B
a 

To
tal

 B
e 

To
tal

 C
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To
tal

 C
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 C
u 

To
tal
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g 

To
tal
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i 
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b 
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e 
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b 
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tal
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l 
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 Z
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     µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L 
Feedstock 10/15/2007 77000 50 360 210 < 20 6 49000 35000 3.5 18000 200 < 20 1200 < 10 3900 First 

Destruction 
Round 10-12' Destruction Solutiona 10/12/2007 78000 52 380 210 < 20 5 49000 36000 3.8 18000 200 < 20 1200 < 10 4200 

Reactor Feed (3/24/08)(13:00) 3/24/2008 66000 < 50 320 180 < 25 < 25 44000 31000 52 16000 180 < 100 1100 < 50 4000 
Reactor Out (160/20)b 3/19/2008 61000 < 80 570 200 < 40 < 40 38000 28000 40 15000 180 < 160 1000 < 80 5000 
Reactor Out(160/40)b 3/20/2008 67000 < 50 340 190 < 25 < 25 44000 32000 56 17000 170 < 100 1200 < 50 4200 
Reactor Out (170/40)b 3/20/2008 65000 < 50 340 180 < 25 < 25 43000 31000 54 16000 170 < 100 1200 < 50 4100 
Reactor Out(170/20)b 3/21/2008 72000 < 50 350 190 < 25 < 25 47000 33000 57 17000 180 < 100 1200 < 50 4300 
Reactor Out(180/40)b 3/24/2008 60000 < 50 310 170 < 25 < 25 40000 29000 47 15000 160 < 100 1000 < 50 3700 

Second 
Destruction 

Run 

Reactor Out(180/20)b 3/24/2008 70000 < 50 350 190 < 25 < 25 46000 33000 56 17000 190 < 100 1200 < 50 4400 
a Reaction temperature of 190 °C, feedrate of 23 mL/minute 
b Parenthetical notation is nominal temperature in °C/ nominal flow rate in mL/minute 
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Table 5-34. Accumulative Metals (As, Fe, Mn, and U) from Parametric Destruction Tests 

  Sample Name 
Date 

Sampled 

To
ta

l A
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l U
 

     µg/L µg/L µg/L µg/L µg/L µg/L µg/L 
Feedstock 10/15/2007 360 84000000 84000000 420000 420000 150 150 First 

Destruction 
Round 10-12' Destruction Solutiona 10/12/2007 380 82000000 81000000 400000 410000 150 160 

Reactor Feed (3/24/08)(13:00) 3/24/2008 320 74000000 72000000 390000 390000 85 85 
Reactor Out (160/20)b 3/19/2008 570 75000000 78000000 340000 330000 80 80 
Reactor Out(160/40)b 3/20/2008 340 74000000 77000000 370000 390000 82 88 
Reactor Out (170/40)b 3/20/2008 340 72000000 73000000 370000 380000 85 85 
Reactor Out(170/20)b 3/21/2008 350 76000000 79000000 390000 410000 88 95 
Reactor Out(180/40)b 3/24/2008 310 68000000 68000000 350000 350000 78 80 

Second 
Destruction 

Run 

Reactor Out(180/20)b 3/24/2008 350 75000000 77000000 400000 400000 90 92 
a Reaction temperature of 190 °C, feedrate of 23 mL/minute 
b Parenthetical notation is nominal temperature in °C/ nominal flow rate in mL/minute 
 
 



5.7.3.13 Gross Alpha 

Samples were analyzed for Gross Alpha from the parametric destruction tests performed after the 
second regeneration round. The Gross Alpha results are presented in Table 5.35. Gross Alpha of 
levels in feedstock and reactor effluent were quite variable: between 350 and 5300 pCi/L. The 
radiation levels appear to be quite high relative to uranium concentrations of 80-95 µg/L found in 
these samples; natural abundance would indicate 54-64 pCi/L from uranium from these samples. 
While the gross alpha measurements are quite high relative to drinking water standards, the 
radioactivity of the destruction reaction effluent does not appear to have compromised the 
wellhead drinking water. 
 

Table 5-35. Gross Alpha from Destruction Unit Operations 

  Sample Name 
Date 

Sampled 
G

ro
ss

 A
lp

ha
 

     pCi/L 
Reactor Feed (3/24/08)(13:00) 3/24/2008 1600 
Reactor Out (160/20)a 3/19/2008 350 
Reactor Out(160/40)a 3/20/2008 5300 
Reactor Out (170/40)a 3/20/2008 1400 
Reactor Out(170/20)a 3/21/2008 2000 
Reactor Out(180/40)a 3/24/2008 2400 

Second 
Destruction 

Run 

Reactor Out(180/20)a 3/24/2008 3800 
a Parenthetical notation is nominal temperature in °C/ nominal flow rate in mL/minute 
 

5.7.3.14 Dissolved U 

Samples were analyzed for dissolved U from the parametric destruction tests performed after the 
first and second regeneration rounds. The dissolved U results are presented in Table 5-34. The 
feedstock for the first destruction round contained 150 µg/L dissolved U while the feedstock for 
the second destruction round contained 85 µg/L. No dissolved U appears to be lost in the 
destruction process as evidenced by the effluent samples. 

5.7.3.15 Total Fe 

Samples were analyzed for total Fe from the parametric destruction tests performed after the first 
regeneration round and from both the production and parametric destruction tests in the second 
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regeneration round. Total Fe analysis performed by Calgon has been presented in Tables 5-28, 5-
29, and 5-30. The average influent total Fe concentration for the parametric tests from the first 
destruction round was 81,000,000 µg/L, The total Fe concentration for the parametric tests from 
the second destruction round was 83,000,000 µg/L. No total Fe appears to be lost in the 
destruction process as evidenced by the effluent samples. 
 
Additional total Fe samples were obtained from the independent analytical lab from the 
parametric destruction tests performed after the first and second regeneration rounds; these 
results are presented in Table 5-34. The total Fe results from the independent lab agree well with 
the total Fe results obtained from Calgon. 

5.7.3.16 Total Mn 

Samples were analyzed for total Mn from the parametric destruction tests performed after the 
first and second regeneration rounds. The total Mn results are presented in Table 5-34. The 
feedstock for the first destruction round contained 420,000 µg/L total Mn while the feedstock for 
the second destruction round contained 390,000 µg/L. No total Mn appears to be lost in the 
destruction process as shown by the effluent samples. 

5.7.3.17 Total As 

Samples were analyzed for total As from the parametric destruction tests performed after the first 
and second regeneration rounds. The total As results are presented in Table 5-34. The feedstock 
for the first destruction round contained 360 µg/L total As while the feedstock for the second 
destruction round contained 320 µg/L. No total As appears to be lost in the destruction process as 
evidenced by the effluent samples. 

5.7.3.18 Total U 

Samples were analyzed for total U from the parametric destruction tests performed after the first 
and second regeneration rounds. The total U results are presented in Table 5-34. The feedstock 
for the first destruction round contained 150 µg/L total U while the feedstock for the second 
destruction round contained 85 µg/L. No total U appears to be lost in the process as shown by the 
effluent samples. 

5.7.3.19 VOCs 

VOC sampling for the first and second destruction cycle was conducted only in the parametric 
tests. Influent and effluent was sampled for the first destruction cycle test performed 10/12/2007 
representing 190 °C reaction temperature and a 23 mL/minute flow rate. In the second 
destruction cycle, a single sample was collected to represent influent for all parametric 
destruction runs and a single sample was also collected for each parametric condition. VOC 
results from the destruction cycles are summarized in Table 5-36. Influent for both destruction 
cycles contained modest amounts of VOCs, most notably chloromethane and 1,2-dichloroethane. 
Effluent from the destruction reactor contained significantly higher concentrations of some 
VOCs including chloromethane, 1,2-dichloroethane, and bromomethane. This suggests some 
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formation of targeted VOCs is occurring from other non-target organics is in the destruction 
reactor. 



Table 5-36. VOCs from Parametric Destruction Tests 

  Sample Name 
Date 

Sampled 
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     µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L 
Feedstock 10/15/2007 1.7 15 < 5.0 47 < 0.50 2.3 < 0.50 < 0.50 8 2.4 < 0.50 0.53 0.71 8.8 < 1.0 2.9 < 0.50 First 

Destruction 
Round 10-12' Destruction Solutiona 10/12/2007 < 10 < 10 < 100 3600 < 10 < 10 < 10 < 10 390 120 < 10 < 10 < 10 < 100 30 < 10 < 10 

Reactor Feed (3/24/08)(13:00) 3/24/2008 < 10 < 10 < 100 23 < 10 < 10 < 10 < 10 13 < 10 < 10 < 10 < 10 < 100 < 20 < 10 < 10 
Reactor Out (160/20)b 3/19/2008 < 10 < 10 < 100 1400 < 10 < 10 < 10 < 10 90 77 < 10 < 10 < 10 < 100 < 20 < 10 < 10 
Reactor Out(160/40)b 3/20/2008 < 10 < 10 < 100 1700 < 10 < 10 < 10 < 10 120 11 < 10 < 10 < 10 < 100 < 20 < 10 < 10 
Reactor Out (170/40)b 3/20/2008 < 10 < 10 < 100 1500 < 10 < 10 < 10 < 10 170 12 < 10 < 10 < 10 < 100 < 20 < 10 < 10 
Reactor Out(170/20)b 3/21/2008 < 10 < 10 < 100 1400 24 < 10 < 10 < 10 160 61 < 10 < 10 < 10 < 100 < 20 < 10 < 10 
Reactor Out(180/40)b 3/24/2008 < 10 < 10 < 100 1500 < 10 < 10 < 10 < 10 190 52 < 10 < 10 < 10 < 100 < 20 < 10 < 10 

Second 
Destruction 

Run 

Reactor Out(180/20)b 3/24/2008 < 10 < 10 < 100 1900 < 10 < 10 < 10 < 10 220 26 < 10 < 10 < 10 < 100 < 20 < 10 < 10 
a Reaction temperature of 190 °C, feedrate of 23 mL/minute 
b Parenthetical notation is nominal temperature in °C/ nominal flow rate in mL/minute 
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5.7.3.20 SVOCs and N/P Pesticides 

Samples were analyzed for SVOCs and Pesticides from the parametric destruction tests 
performed after the first and second regeneration rounds. The analytical results are summarized 
in Table 5-37. Few SVOCs were found. Benzyl alcohol was found in similar quantities from the 
feedstock and the destruction reactor effluent of the second destruction round. Bis(2-
chloroethyl)ether was not found in the first destruction round or the feedstock to the second 
destruction round but was consistently found in the destruction reactor effluent of the second 
destruction round. This result is consistent with the formation of chlorinated VOCs in the 
destruction reactor. Other SVOCs were sporadically found. No pesticides were found in either 
the destruction reactor feedstock or effluent. 
 
 

Table 5-37. SVOCs from Parametric Destruction Tests 

Sample Name 
Date 

Sampled 
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    µg/L µg/L µg/L µg/L µg/L 
       
Feedstock 10/15/2007   < 5.0 < 5.0 < 5.0 < 5.0 

10-12' Destruction Solutiona 10/12/2007   < 5.0 < 5.0 7.0 5.0 

Reactor Feed (3/24/08)(13:00) 3/24/2008 < 0.15 75 < 50 100 < 50 
Reactor Out (160/20)b 3/19/2008 < 1.5 55 100 < 50 < 50 
Reactor Out(160/40)b 3/20/2008 < 1.5 140 140 < 50 < 50 
Reactor Out (170/40)b 3/20/2008 < 0.15 61 84 < 50 < 50 
Reactor Out(170/20)b 3/21/2008 < 0.15 < 50 210 < 50 < 50 
Reactor Out(180/40)b 3/24/2008 < 0.15 130 70 < 50 < 50 
Reactor Out(180/20)b 3/24/2008 < 0.15 95 95 < 50 < 50 

a Reaction temperature of 190 °C, feedrate of 23 mL/minute 
b Parenthetical notation is nominal temperature in °C/ nominal flow rate in mL/minute 
 

5.7.4 Simulated Distribution System (SDS) Sampling Results 

Simulated distribution system tests are described in Section 5.3.1. These tests used water derived 
from the demonstration wellhead perchlorate treatment. The first series of tests was performed 
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with water treated with virgin resin from the first treatment round. The second series of tests was 
performed with water treated with regenerated resin from the third treatment round. 

5.7.4.1 Free Chlorine 

Free chlorine was measured at the termination of each SDS test to ensure chlorine residual was 
present; free chlorine results for these tests are summarized in Table 5-38. For the first series of 
tests, using water collected from wellhead treatment effluent on 09/26/2007, free chlorine from 
the chlorinated water averaged 1.34 mg/L. For the second series of tests, using water collected 
from wellhead treatment effluent on 7/31/2008, free chlorine from the chlorinated water 
remained above the analytical range of the test procedure; one sample was diluted resulting in 
3.6 mg/L free chlorine. Since the purpose of the free chlorine test was to ensure residual chlorine 
in each treatment, no further free chlorine analysis was deemed necessary. 
 

Table 5-38. Free Chlorine and Halogenated Compounds from SDS Study 

Haloacetic Acids Trihalomethanes 
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Sample ID 
  mg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L 

09/26/2007 Water Test 

SDS-IX-24hr-1 1.39 < 20 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 < 0.50 < 0.50

SDS-IX-24hr-2  < 20 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 < 0.50 < 0.50

SDS-IX-7D-1 1.28 26 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 < 0.50 < 0.50

SDS-IX-7D-2 1.34 < 20 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 < 0.50 < 0.50

SDS-IX-7D-C  < 20 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 < 0.50 < 0.50
07/31/2008 Water Test 

SDS-IX-24hr-1 > 2.2 < 20 < 1.0 1.4 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 1.3 < 0.50

SDS-IX-24hr-2 > 2.2 31 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 1.3 < 0.50
SDS-IX-7D-1 3.6 22 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 0.86 < 0.50 1.4 < 0.50
SDS-IX-7D-2 > 2.2 34 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 0.86 < 0.50 1.5 < 0.50
SDS-IX-7D-C < 0.01 < 20 < 1.0 < 1.0 < 1.0 < 1.0 < 2.0 < 1.0 < 0.50 < 0.50 0.98 < 0.50
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5.7.4.2 Total Organic Halides 

Total organic halides were measured the termination of each SDS test; results for these tests are 
summarized in Table 5-38. For the first series of tests, using water collected from wellhead 
treatment effluent on 09/26/2007, total organic halides ranged from < 20 to 26 µg/L; the control 
treatment contained < 20 µg/L. For the second series of tests, using water collected from 
wellhead treatment effluent on 7/31/2008, total organic halides ranged from < 20 to 34 µg/L; the 
control treatment contained < 20 µg/L. Thus formation of total organic halides was very limited. 

5.7.4.3 Haloacetic Acids 

Haloacetic acids were measured the termination of each SDS test; results for these tests are 
summarized in Table 5-38. Bromochloroacetic acid was tested for addition to the five acids 
included in the HAA-5 standard. One SDS test, 24 hour exposure of 07/31/2008 wellhead 
treatment effluent, contained dibromoacetic acid above the method reporting limit. We could not 
find a risk based comparison value for this compound. No other sample in the SDS study 
contained haloacetic acids above the reporting limits. 

5.7.4.4 Trihalomethane 

Trihalomethanes were measured the termination of each SDS test; results for these tests are 
summarized in Table 5-38. For the first series of tests, using water collected from wellhead 
treatment effluent on 09/26/2007, no trihalomethanes were detected above the method reporting 
limit. For the second series of tests, using water collected from wellhead treatment effluent on 
7/31/2008, all tests contained chloroform and the seven-day exposure tests also contained 
measureable bromodichloromethane. Chloroform concentrations were higher for both 24-hour 
and seven-day exposure tests than in the control, which had no added chlorine. 

5.7.4.5 NDMA, NDEA, and NDPA 

Nitrosamines were measured the termination of each SDS test; results for these tests are 
summarized in Table 5-39. No nitrosamines were found above reporting limits for any of the 
SDS tests. 
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Table 5-39. Nitrosamines from SDS Study 

Sample ID 
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  ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
9/28/07 Test 

SDS-IX-24hr-1 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 4.0 

SDS-IX-7D-1 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

SDS-IX-7D-2 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

SDS-IX-7D-C < 2.2 < 2.2 < 2.2 < 2.2 < 2.2 < 2.2 < 2.2 < 2.2 

8/21/2008 Test 
SDS-IX-24hr-1 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.2 UB 
SDS-IX-24hr-2 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 

SDS-IX-7D-1 < 2.0 < 2.0 < 2.0 < 2.0 2.2 UB < 2.0 < 2.0 2.8 UB 
SDS-IX-7D-2 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.7 UB 
SDS-IX-7D-C < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 2.6 UB 

UB – Non-detect due to blank contamination 
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6. PERFORMANCE ASSESSMENT  

6.1 MEET CALIFORNIA DHS NOTIFICATION LEVEL FOR PERCHLORATE 

California has set an MCL for perchlorate of 6 µg/L; the notification level in force prior to the 
adoption of the MCL was also 6 µg/L. As illustrated in Figure 5-10, effluent from the IX 
wellhead treatment was maintained below reporting limits (2.0 µg/L) for a considerable time 
period. 
 
Two important terms for data analysis were defined in the demonstration plan before testing 
occurred: 
 

• Breakthrough volume is typically defined at the maximum volume of influent that can be 
passed through the bed before effluent concentration equals 10% of the influent 
concentration or the California DHS Notification Level (6 µg/L), whichever is lower. 

 
• Saturation is defined as the maximum volume of influent before effluent concentration 

equals 90% of influent concentration. 
 
The saturation profiles or the four wellhead treatment cycles are summarized in Table 6-1. Since 
perchlorate was only sampled weekly, there is some uncertainty in quantifying the key points on 
the curve – breakthrough, exceedance of the MCL and saturation. Thus, each point is expressed 
as a range in Table 6-1. Since the influent concentrations were low, less than or equal to 11 µg/L, 
the pretest defined breakthrough concentration of 10% of influent concentration was below 
reporting limits. Detectable breakthrough is thus defined for this report as occurring between the 
first quantified detection of perchlorate in the effluent and the previous sampling event resulting 
in below reporting limit result.  
 
Table 6-1 shows that perchlorate was reduced to less than 2.0 µg/L for a minimum of 97,000 
BVs with virgin resin and a minimum of 82,000 BVs with regenerated resin during this 
demonstration. Similarly, effluent perchlorate concentrations were maintained below 6 µg/L for 
a minimum of 179,000 BVs with virgin resin, and a minimum of 147,000 BVs with regenerated 
resin. It is clear from this analysis that significant water volume can be treated with both virgin 
and regenerated resin to maintain effluent below 6 µg/L. 
 

Table 6-1. Perchlorate Breakthrough at FWC Wellhead IX Treatment Unit 

 Cycle 1 Cycle 2 Cycle 3 Cycle 4 

> 96,689 > 114,929 > 95,335 > 82,404 Detectable 
Breakthrough; BVs 

< 109,950 < 131,148 < 117,487 < 98,773 

> 178,890 > 166,760 > 146,639 > 164,794 MCL (6 µg/L); BVs 

< 193,212 < 177,050 < 167,816 < 181,208 

> 207,542 > 166,760 > 167,816 > 263,504 Saturation; BVs 

< 219,846 < 177,050 < 179,959 < 284,584 

Resin Volume, Gallons 115 112 107 107 
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This demonstration was designed and operated to achieve perchlorate saturation of the resin – to 
achieve the maximum efficiency in resin usage. As a result, a significant portion of the treated 
effluent contained perchlorate above the reporting limit and above the MCL. In a full-scale 
treatment application, a second bed would often follow the first bed to remove perchlorate after 
the first bed had reached breakthrough. Thus high effluent concentrations observed in this 
demonstration at the end of the saturation cycle are not indicative of unacceptable performance. 

6.2 EFFICACY OF REGENERATED RESIN AS COMPARED TO VIRGIN RESIN 

The efficacy of the regenerated resin to remove perchlorate was evaluated based on the volume 
treated before breakthrough and the mass of perchlorate removed prior to saturation. Analysis of 
these metrics for resin performance is somewhat confounded with the variability of the influent 
perchlorate concentration experienced during the demonstration site. Variability of perchlorate in 
the influent is reflected in variability in the effluent. The resulting effluent profile is not 
monotonic in the regions of interest and this suggests interpolating to establish a specific 
breakthrough or saturation point is not appropriate for this dataset. Thus for this analysis, the 
perchlorate sampling event immediately preceding demonstrated breakthrough or saturation will 
be used to establish these events. 
 
As discussed above for this report, the first perchlorate concentration measured above the 
method’s reporting limit is used to demonstrate breakthrough. As shown in Table 6-1, virgin 
resin breakthrough occurred after treating 97,000 BVs of site water. After the first regeneration, 
wellhead treatment during cycle 2 resulted in breakthrough after 115,000 BVs, 119% of the 
breakthrough volume demonstrated for the virgin resin. After the second regeneration, wellhead 
treatment during cycle 3 resulted in breakthrough after 95,000 BVs, 99% of the breakthrough 
volume demonstrated for the virgin resin. After the third regeneration, wellhead treatment during 
cycle 4 resulted in breakthrough after 82,000 BVs, 85% of the breakthrough volume 
demonstrated for the virgin resin. This analysis demonstrates that regenerated resin meets the 
performance objective of 80 to 120% of virgin resin breakthrough volume through 3 resin 
regeneration cycles. Furthermore, the discrete weekly sampling intervals inherent in a 
demonstration project likely overstate the variability in actual breakthrough volume. Inspection 
of Table 6-1 reveals that the range of treatment volumes in which breakthrough occurs with 
regenerated resins overlaps the range of treatment volumes in which breakthrough occurs with 
virgin resin. The predictability of performance shown in table 6-1 and in the breakthrough curves 
would be beneficial to operators using regenerated resin. 
 
Saturation of the resin bed is defined in this demonstration when the effluent perchlorate 
concentration meets or exceeds 90% of the coincident influent perchlorate concentration. One 
influent sample in the fourth wellhead treatment cycle was below reporting limits for perchlorate 
(see Figure 5-9); this result was ignored for the purposes of determining saturation but was used 
in determining mass of perchlorate removed. As shown in table 6-1, saturation of the virgin resin 
occurred after treating 208,000 BVs. Saturation with regenerated resin occurred after treating 
between 167,000 and 264,000 BVs.  
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The mass of perchlorate removed during wellhead treatment was determined by integrating the 
difference between the influent and effluent curves. Integration was performed using a 
trapezoidal approximation; the difference between coincident influent and effluent sample 
concentrations was averaged for successive perchlorate sampling events and multiplied by the 
volume treated between these sampling events. For this mass removal calculation, a 
concentration of 0.0 µg/L is used for all perchlorate concentrations falling below the method’s 
reporting limit of 2.0 µg/L. Resin mass loading through each wellhead treatment cycle is 
summarized in Table 6-2. Virgin resin removed 515 g of perchlorate before saturation. 
Regenerated resin achieved loading between 83 and 90% of virgin resin loading before 
saturation. This analysis demonstrates that regenerated resin meets the performance objective of 
80 to 120% of virgin resin perchlorate loading before saturation through 3 resin regeneration 
cycles. Although the resin loading appears to improve between treatment cycles 2 and 4, this is 
largely an artifact of influent perchlorate concentration variability (see Figure 5-10) and the 
sample intervals used to determine saturation. 
 

Table 6-2. Perchlorate Loading at FWC Wellhead IX Treatment Unit 

 Cycle 1 Cycle 2 Cycle 3 Cycle 4 

Loading before 
Breakthrough, g 364 359 308 201 

Loading before 
Saturation, g 515 425 448 465 

Final Loading, g 516 429 486 483 

Resin Volume, Gallons 115 112 107 107 

Normalized Final 
Loading, g/L 1.19 1.01 1.19 1.18 

 

6.3 MEET CALIFORNIA DHS NOTIFICATION LEVELS OR MCLS FOR NITRATE, 
TITLE 22 METALS, AND NITROSAMINES 

6.3.1 Nitrate 

California has set an MCL for nitrate of 45 mg/L. The maximum nitrate concentration observed 
in the effluent was 40 mg/L. This objective was met with respect to nitrate; no exceedance of the 
nitrate MCL was observed for the effluent. The maximum nitrate concentration observed in the 
influent was also 40 mg/L. FWC manages the water production to maintain nitrate 
concentrations below the MCL. There is some evidence that the fresh resin removes a small 
amount of nitrate, as expected; the first effluent samples after installing both fresh and 
regenerated resin in the wellhead treatment system contained low levels of nitrate. During 
wellhead treatment, no significant difference was observed in the nitrate removal of fresh and 
regenerated resins. There is no evidence in our data set nitrate leaching from the regenerated 
resin. This could be due to sample timing, nitrate rollover has sometimes been observed in IX at 
other sites. 
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6.3.2 Title 22 Metals 

California has set MCLs and SMCLs for a number of metals as summarized in Table 6-3. 
Copper and lead are regulated at the user’s tap; these limits effectively regulate the corrosivity of 
the water delivered to the customer so as to prevent leaching from the customer’s plumbing. 
While there is no action level for vanadium, a notification level of 50 µg/L has been established. 
As shown in Table 6-3, one effluent sample exceeded the MCL for aluminum and one effluent 
sample exceeded the MCL for selenium. Both exceedances occurred during the first round of 
wellhead treatment using virgin IX resin. Thus this objective was met with respect to metals; no 
metals exceedances were observed from regenerated resin. 

6.3.3 Nitrosamines 

California has set Notification Levels for the nitrosamines NDMA, NDEA, and NDPA at 
10 ng/L. Effluent from the wellhead IX treatment exceeded this level for NDMA during the 
initial washout phase of the virgin IX resin. No NDMA effluent concentration exceeding 10 ng/L 
was observed after the first 40 BV. In commercial operation this is a known issue, and, the 
washout of NDMA is expected during backwash operation before the resin is placed in service. 
Backwash water is normally wasted, for example FWC maintains a pond for this purpose; 
alternatively, the resin is pre-rinsed prior to being delivered to the site and installed into the IX 
vessel One effluent sample during regeneration operation, taken February 27, 2008, contained 
NDMA at exactly the 10 ng/L Notification Level. This objective was met with respect to 
nitrosamines; no exceedances of the notification level were observed with regenerated resin. 
 
Nitrosamine washout was investigated in detail after installing the virgin resin and after 
installing regenerated resin in treatment cycles 3 and 4. Washout of NDMA from virgin resin is 
shown in Figure 6-1; no similar washout was observed for NDEA or NDPA. During the third 
loading cycle, no NDMA was detected for the initial, 9, or 18 BVs effluent water samples; a 
small NDMA concentration, 2.3 ng/L was observed at 55 BVs effluent water sample. During the 
fourth loading cycle, no NDMA was detected in the initial, 8 or 32 BV effluent samples. There is 
no evidence that resin regeneration has caused any additional release or leaching of nitrosamines. 
 
Although there is no evidence of a causual link in regenerated resin and increased nitrosamine 
concentrations, nitrosamines were detected in both the influent and the treated water effluent. 
Inspection of the influent nitrosamine results indicates that various nitrosamines are detected at 
seemingly random intervals during the wellhead treatment. NDMA, NMOR, and NDBA have 
been detected in the influent samples. The regeneration process does not appear to be associated 
with increased incidence or severity of nitrosamines in the wellhead treatment effluent.  
 



 
Table 6-3. Summary of Effluent Title 22 Metals Samples at FWC Wellhead IX Treatment Unit 
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MCL; µg/L  1000 50 1000 4 5 50  2 100  6 50 2   

SMCL; µg/L 100 200      1000        5000 

Action Level; µg/L        1300   15      

Influent MCL or 
SMCL Exceedances 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Influent Samples 17 15 16 17 14 16 17 17 13 17 17 14 15 14 3 17 

Effluent  MCL or 
SMCL Exceedances 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Effluent Samples 17 15 16 17 13 16 17 17 13 17 17 14 15 14 3 17 
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Figure 6-1: Washout of NDMA from Virgin IX Resin 
 

6.4 PERCHLORATE DESTRUCTION 

After the second regeneration cycle, a series of semi-continuous destruction runs at ~190 °C 
were performed to approximate commercial operation. Barrels 6 through 8 were selected for feed 
material representing high perchlorate samples from the second bed volume of tetrachloroferrate 
regenerant in the regeneration cycle. Tank E material was also used representing regenerant from 
the end (fifth and sixth bed volume) of the regeneration cycle. This source material was dosed 
with ferrous chloride and HCl and used as destruction reactor feed. The influent and effluent 
perchlorate concentrations for these runs were presented in Table 5-26. Perchlorate destruction 
efficiency was calculated as: 
 

100
ionConcentrat ePerchloratInfluent 
ionConcentrat ePerchloratEffluent -1  Efficiencyn Destructio •⎟
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Perchlorate destruction efficiency ranged from 73.6% to > 99.7% in these runs with a median 
efficiency of > 99.2%. Only two of these destruction results produced < 95% perchlorate 
destruction. Both of these runs were characterized by high influent nitrate concentrations and 
high flow variability. The high flow variability was attributed to gas buildup in the reactor and 
subsequent episodic release of gas, creating inconsistent liquid residence time in the destruction 
reactor. Further, the effluent contained very low residual ferrous iron suggesting insufficient 
ferrous iron was present in both of these runs. Thus, it is clear that 95% perchlorate destruction 
can be maintained over a wide range of feed compositions although some management of nitrate 
concentration and ferrous iron stoichiometry is required. 
 
Two different rounds of parametric destruction tests were also performed using regenerant from 
the first and second regeneration cycles. Perchlorate destruction efficiency results for these tests 
are shown in Table 6-4. Residence time in the reactor was calculated by dividing the volume of 
the tantalum coil, 3696 ml, by the average flow rate for each destruction run. For each cycle, 
> 95% perchlorate destruction efficiency was consistently obtained at reaction temperatures of 
177-181 °C and higher with residence times greater than 1.4 hours. 
 
Table 6-4. Summary of Perchlorate Destruction Efficiency in Both Sets of Parametric Tests 

Cycle 1 Parametric Destruction tests Cycle 2 Parametric Destruction tests 
Reaction 

Temperature, C Residence Time, 
hour 

Destruction 
Efficiency 

Residence Time, 
hour 

Destruction 
Efficiency 

  2.9 71% 
161 

  1.5 53% 

2.8 80% 3.1 95% 
169-171 

  1.5 79% 

2.7 98% 3.1 > 99% 

1.4 95% 1.5 99% 

1.1 86%   
177-181 

1.0 84%   

2.7 > 99%   

1.4 > 99%   188-190 

1.1 > 99%   

 

6.5 ACCUMULATION OF URANIUM 

Uranium (as uranyl carbonate anions such as UO2(CO3)2
2-) is captured efficiently by even 

selective anion IX systems because of the structural similarity between the anionic forms of 
uranium and perchlorate. However, bi-functional resins are less sensitive than many other resins 
to uranium accumulation because they are designed to reject multi-charged anions such as sulfate 
and uranyl carbonates with relatively high hydration energy. (DTSC, 2004; Nyer, 2001; Gu et 
al., 2005.). Problematic accumulation of uranium over multiple cycles of resin use was assessed 
in this demonstration by comparing treated water quality to the 30 µg/L uranium MCL. Uranium 
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results, presented in Table 6-3, show that effluent from the wellhead treatment unit were well 
below 30 µg/L uranium; the maximum observed effluent uranium concentration was 2.7 µg/L 
through four treatment cycles. 
 
Further inspection of Table 5-18 reveals that uranium is accumulated on the resin over a 
significant portion of the treatment volume. Effluent uranium concentrations approach influent 
uranium concentrations approximately coincident with initial perchlorate breakthrough. Uranium 
accumulation was managed in the demonstration through the perchlorate regeneration process. 
Acid associated with tetrachloroferrate regeneration is expected to result in the removal of 
sorbed uranium from the IX resin. In this demonstration, uranium was stripped from the resin 
prior to tetrachloroferrate regeneration with a dilute acid (HCl) rinse to avoid uranium buildup in 
the regenerant.  
 
The Calgon Pittsburgh facility cannot receive materials containing uranium > 500 mg/L This 
restriction level derives from the complex regulatory framework for technologically enhanced 
naturally occurring radioactive materials (TENORM): 
 
“TENORM is defined here as naturally occurring materials, such as rocks, minerals, soils, and 
water whose radionuclide concentrations or potential for exposure to humans or the 
environment is enhanced as a result of human activities (e.g., water treatment).…… source 
material is of an “unimportant quantity” (10 CFR 40.13) and is exempt from NRC regulation if 
the uranium or thorium makes up less than 0.05 percent by weight of the material. For natural 
uranium, this is approximately 335 pCi/g, although this figure is an estimate and actual values 
may be obtained for different uranium and thorium isotopes” (quoted from EPA 2005b, see also 
NRC 2006). 
 
At sites where there is potential of exceeding 500mg/L uranium in the spent resin, alternate 
perchlorate-selective resins can be utilized that are less selective for uranium than the 
demonstration resin, Purolite A-530E. These resins can be regenerated using the same method 
used in the demonstration, and can be used to effectively manage the uranium concentration in 
the spent resin. 
 
Uranium is effectively stripped from the resin during regenerations by both the dilute acid as 
shown in Figures 5-26 and 5-26a and the acidic tetrachloroferrate regenerant solution. The 
demonstration verified that uranium accumulation does not present a drinking water hazard. The 
demonstration was not designed to verify that uranium does not accumulate on the resin over 
multiple regeneration cycles but rather that it does not pose a drinking water hazard. There is no 
evidence in this demonstration of uranium accumulation over multiple regeneration cycles. The 
concentration of uranium on the resin is therefore believed to be controlled by the concentrations 
of uranium and competing anions in the drinking water and on the specific resin used. 
Accumulation of uranium greater than 0.05 percent by weight on these resins is possible in both 
single-use and IIX applications. With the off-site regeneration model, there will be no impact to 
the water treatment facility of uranium accumulation with IIX. 
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6.6 REDUCED TREATMENT COST 

A very detailed cost model for this technology was produced to compare it with the baseline 
technology, single-use IX, and is presented in Section 7 for a 30-year operational period. For the 
particular application modeled the total NPC for the IIX technology was $16,450,387 and the 
total NPC for the single use IX was $18,644,389. Net present costs calculated using a real 
interest rate of 2.7%. Thus the IIX technology appears to be approximately 12% less expensive. 
Thus a cost savings was demonstrated but not one as large as the 25% goal stated in the 
demonstration plan. 

6.7 SCALABILITY 

The three parts of the IIX technology are at different stages of technology development. The 
perchlorate-selective resin element of the technology was already at full-scale before this 
demonstration. It is widely used in the market place at various flow rates and water qualities. 
Scaling is generally as simple as placing multiple vessel pairs in parallel. 
 
The regeneration technology had been tested previously at very-small scale (less than 4 cm3 of 
resin, Gu 2001) and at the 20 ft3 pilot-scale for Edwards AFB (Gu et al., 2002a; Gu et al., 
2003b). The Fontana regeneration was conducted at approximately the same pilot-scale (15-20 
ft3). Although bench-scale testing was not conducted for Fontana, a comparison of the bench- 
and pilot-scale work (including the results presented in Section 5 of this report) shows very good 
broad agreement in performance characteristics – percent recovery of perchlorate, number of 
cycles of resin reuse, and bed volumes required for perchlorate elution. This suggests that the 
regeneration technology is readily scalable. 
 
The thermal perchlorate destruction process had been tested in a small batch system and both 
laboratory- and pilot-scale flow reactors at ORNL (0.1 mL/min up to ~1.5 GPH [0.1 mL/min up 
to ~0.14 m3/day or 95 mls/min]). The pilot-scale flow-through reactor is shown in Figure 2-3, 
and is believed to be capable of running spent regenerant solution at ~37 gallons per day (GPD) 
(95 mls/min or 0.14 m3/day). As discussed in Section 5.7.3 most of the testing in this 
demonstration was conducted between 20 and 60 mls/min. As shown in Section 6.14, the 
destruction rates for perchlorate achieved agreed very well with previous small-scale results. 
However, as discussed in Section 5.5.4 and 5.7.3, substantial operational difficulties were 
experienced with the perchlorate-destruction reactor. The authors believe that the destruction 
reactor would require substantial additional refinement for it to operate routinely in commercial 
service at this or larger scale. 

6.8 INTEGRATION 

All three unit processes were used together in this demonstration. Some issues were identified, 
that could perhaps be classified as related to integration of the technologies: 
 

• Gas was generated during some perchlorate destruction operations, likely attributable 
to nitrate concentrations (see discussion in sections 5.5.4 and 6.4). Gas generation 
created liquid flow disruptions in the demonstrated reactor. These disruptions were 
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managed during the demonstration by blending regenerant fractions from a single 
regeneration event to control nitrate concentrations. Nitrate and perchlorate elute 
from the regeneration reactor very close to one another. Further research would be 
required to optimize the destruction reactor efficiency through regenerant inventory 
management or further separation of nitrate from perchlorate. Future scaled up reactor 
design should include provisions for purging gases generated in the destruction 
reactor; since gas generation is not likely to be completely eliminated through 
regenerant inventory management. 

• Nitrosamines were found in significant concentrations in the tetrachloroferrate 
regeneration fluid and in rinses subsequent to tetrachloroferrate regeneration. 
Although nitrosamines were found in the regenerant solutions, there was no evidence 
that nitrosamines carried through with the resin to cause problems in the wellhead 
treatment. 

• Halogenated VOCs appear to have been formed in the perchlorate destruction reactor. 
Destruction reactor effluent from both the first and second regeneration rounds 
contained significantly elevated concentrations of chloromethane, and to a lesser 
extent 1,2-dichloroethane, and bromomethane. Several halogenated VOCs were 
found in the wellhead effluent immediately after resin installation for the second 
wellhead treatment round after the first round of regeneration. Halogenated VOCs 
were similarly found in the final water rinse after the first round of regeneration 
immediately prior to installation of the resin for the second wellhead treatment round. 
Halogenated VOCs were not found in the wellhead effluent immediately after resin 
installation in the first wellhead treatment round or in the third or fourth wellhead 
treatment rounds. Thus the extent to which the formation of halogenated VOCs in the 
destruction reactor will be problematic for future applications of the IIX technology is 
somewhat unclear from this data set.  

• Although several VOCs were generated during the perchlorate destruction process, 
this is clearly not the only source of VOCs, since they were present in 
tetrachloroferrate solutions that did not contain reactor destruction products. 
Furthermore, chloromethane was also present in the first cycle tetrachloroferrate 
effluent from the regeneration vessel. It is clear that the VOC can be effectively 
removed from the regenerated resin for field re-use, because VOCs were only an 
issue in the field after the first regeneration. It is unclear whether the VOCs are: 

– present below detection limits in the groundwater and concentrated on the 
resin during field treatment and then desorbed during regeneration,  

– entered the process as contaminants in the reagents used, or  

– created chemically during the ion-exchange or regeneration process.  

The resin re-used for wellhead treatment of perchlorate was not negatively impacted by 
difficulties encountered during regeneration and destruction procedures in any way measured in 
this demonstration. The re-use of regenerant containing residual perchlorate and other 
contaminants did not have any measured adverse impact on the resin. The exclusion of the first 
two bed volumes of regenerant eluted during regeneration proved more than sufficient to 
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maintain acceptable regenerant quality. High temperature ferrous reduction of the perchlorate 
eluted during regeneration requires additional development to deal with operation disruptions 
and VOC generation. Incineration of highly contaminated regenerant as a perchlorate destruction 
mechanism is a market-ready option to commercialize regeneration and re-use of perchlorate 
selective resins. While ferrous reduction of perchlorate remains a long term option, incineration 
of regenerant is presumed to be the current commercialization path. We have assumed the 
contract mechanism for regeneration will include guarantees of perchlorate destruction with the 
exact destruction procedure left to the regeneration vendor. The price for regeneration, storage 
and re-installation of resin is assumed to be market driven and to include the cost of appropriate 
residuals disposal including perchlorate destruction. 

6.9 TIME TO SATURATION 

Since time to perchlorate saturation is directly proportional to BVs to perchlorate saturation for 
most facilities that operate at a relatively constant water treatment rate, please refer to 
Section 6.1 that discusses perchlorate breakthrough. 
 
The objective of the demonstration plan also mentioned producing leaching curves for various 
contaminants. However as discussed in Section 6.3, there was little leaching of these 
contaminants so generation of leaching time estimates was not judged to be useful. 

6.10 RINSE VOLUME REFINEMENT 

One subsidiary goal of the project was to obtain information to refine the various wash and rinse 
steps within the overall regeneration process.  

6.10.1 Dilute Acid Wash 

The primary purpose of the dilute acid rinse is to condition the resin to receive tetrachloroferrate 
and avoid a high pH interface susceptible to iron precipitation. In addition, the dilute acid rinse 
elutes much of the uranium and sulfate preventing excessive buildup in the tetrachloroferrate 
solution; a small amount of perchlorate and nitrate were also eluted in the dilute acid rinse. With 
the exception of iron, the concentration of other metals in the dilute acid wash was very small. 
Inspection of the uranium elution curve, Figure 5-26 suggests the majority of eluted uranium is 
contained in the first 4 bed volumes.  

6.10.2 DI Wash 

The DI wash after the dilute acid wash was intended to return the resin to nearly neutral pH 
conditions to facilitate resin transfer to the regeneration vessel. The 10 BVs of DI planned for 
this step were eliminated by the third regeneration cycle in this demonstration by transferring the 
resin after the DI backwash and before the dilute acid rinse. This eliminated the personnel and 
equipment hazards that would have been associated with transferring resin in acid. 
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6.10.3 Dilute Acid Rinse 

The dilute acid rinse after regeneration with tetrachloroferrate converts the iron in the 
regeneration vessel from tetrachloroferrate to ferric ions. The dilute acid also carries the iron 
from the regeneration vessel. The late spike in total iron during the second DI rinse and the 
nontoxic inorganic rinse suggest that additional acid rinse volume would be helpful in more to 
remove more iron. As discussed in Section 5.7.2.6.2 there was considerable variability between 
regeneration rounds in the elution of iron during this acid rinse and subsequent rinses. This 
suggests an opportunity for further optimization on scale-up although it should be noted that 
none of the regeneration rounds produced resin that evidenced any significant iron issues in 
subsequent drinking water treatment. 

6.10.4 Water Rinses and Non-toxic Inorganic Rinses 

The purpose of these rinses is to further reduce iron leaching and neutralize the regenerated resin 
so it will not significantly affect the pH of the treated drinking water. As discussed in sections 
5.7.1.4 and 5.7.1.11 the effect of the regenerated resin on these parameters was minimal and 
acceptable. These rinses are significant enough in volume that their disposal could influence the 
economics of the regeneration process, unless a POTW disposal of these rinses can be permitted 
upon scale-up. Appropriate rinse water disposal is an underlying assumption of the costing of the 
regeneration scale-up. 

6.11 RINSE WATER TREATMENT 

The original plan for the demonstration anticipated on-site rinse water treatment. However the 
time frames required for the permitting of discharge to the POTW led to this process being 
outsourced in actual execution. Costs for rinse water treatment will be addressed in Section 7. 
 
Wash waters and rinse waters generated during the regeneration process are likely to require 
neutralization prior to disposal. The alkali demand was estimated because all waste was not 
neutralized but disposed of as a corrosive. In addition, different alkalis were used throughout the 
demonstration. The alkali demand was estimated based on sodium hydroxide, as this is the likely 
reagent during full-scale regeneration. 
 
A source of alkali demand is the acidity in the initial dilute acid wash, which is intended to 
remove uranium from the resin while leaving most of the perchlorate and nitrate behind for 
tetrachloroferrate regeneration. The dilute acid wash consisted of 10 BV of 0.1 M HCl. While 
some of the acid may be utilized to dissolve metals on the resin it does not affect the calculation 
of alkali demand during neutralization because the dissolved metals will consume alkali as they 
are neutralized and precipitated. The 10 BVs corresponded to different actual volumes because 
150, 120, and 108 gallons per bed volume were assumed at the time the three regeneration cycles 
were performed. Our best final estimate of the regenerated resin volumes is 115, 112, and 107 
gallons for the three regeneration cycles; respectively, some losses were incurred from spills and 
sampling. The amount of sodium hydroxide, as a solid, required to neutralize the acid from the 
wash water was thus estimated using stoichiometry by multiplying the acid volume by the acid 
molar concentration and the molecular weight of sodium hydroxide. Estimates for alkali demand 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 154 April 2010 



for the three regeneration cycles are presented in Table 6-5. Further optimization may reduce the 
dilute acid wash volume and the alkali required for neutralization. 
 

Table 6-5. Alkali Demand for Rinse Neutralization 

 Acid Wash Acid Rinse Total 

Regeneration 
Cycle 

Wash 
Volume 

Used 0.1M 
HCl, gallons 

Wash 
NaOH (s) 
Demand, 
pounds 

Residual 
NaOH 

Demand, 
pounds* 

Remaining 
Rinse Volume 

0.1 M HCl 
gallons 

Remaining 
Rinse NaOH 

Demand, 
pounds 

NaOH 
Demand, 
pounds 

Cycle 1 1500 50 470 384 13 533 

Cycle 2 1200 40 470 264 9 519 

Cycle 3 1080 36 470 216 7 513 

* During the period when the regenerant solution is displaced by the acid rinse 
 
After tetrachloroferrate regeneration, the resin was rinsed with dilute acid to remove residual 
acid and iron from the resin. Initially the concentrated regenerant solution that is left with the 
resin when the rinses begin is displaced. Thus, the bulk of the residual iron and acidity is 
expected to elute during the first 2 BVs of the acid rinse as shown in Figure 5-29.The base 
demand for these first two BVs of acid rinse was estimated at 470 pounds sodium hydroxide. 
This estimate was based on 216 gallons effluent in 2 BVs, a composite analysis of 230 g/L 
chloride from the first 2 BVs collected in the third regeneration round, and a 1:1 stoichiometric 
molar ratio of chloride to sodium hydroxide demand. The acid in the remaining rinse volume, 
which was estimated as the difference between 4 BVs and 216 gallons, must also be neutralized. 
Alkali demand for the remaining rinse volume was estimated in the same manner as for the acid 
wash. 
 

6.12 REGENERATION PROCESS EFFICIENCY 

The vast majority of the perchlorate recovered from regenerating the IX resin elutes in the first 2 
BVs of tetrachloroferrate regenerant solution. While 6 BVs of regenerant was used in this 
demonstration and was clearly sufficient, it is quite reasonable to reduce the tetrachloroferrate 
feed BVs in future scale-ups or production service. 
 
A small amount of perchlorate was eluted during the dilute acid wash. Perchlorate recovery from 
the dilute acid wash was estimated using a trapezoidal integration of the perchlorate elution 
curve shown in Figure 5-11; the average concentration at the beginning and end of each 
sampling interval was multiplied by the dilute acid volume in the sampling interval this mass 
was then summed over all sampling intervals. The dilute acid rinse in cycles 1 through 3 eluted 
between 0.4 and 1.2 g of perchlorate. This is significantly less than 1% of the total loading of 
perchlorate onto the resin. The quantity of perchlorate removed during the dilute acid rinse is 
expected to decline further following the recommendation made above to reduce the dilute acid 
rinse to 4 BV as opposed to 10 BV as planned for this demonstration. 
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The regeneration process is designed to remove perchlorate with tetrachloroferrate in an acidic 
regenerant solution. The perchlorate eluted in the tetrachloroferrate regeneration step was 
calculated by multiplying analytical results from composite samples collected from the receiving 
container with the volume in the receiving container and adding the mass contained in each 
container. The perchlorate elution during the tetrachloroferrate regeneration steps are illustrated 
in Figure 6-2. The first 50 – 100 gallons effluent during the tetrachloroferrate regeneration step 
contained very little perchlorate, iron or acidity; this is consistent with the displacement of the 
water in the first and second regeneration or the displacement of dilute acid in the third 
regeneration by the acidic tetrachloroferrate solution. The perchlorate then elutes very rapidly 
over the next 50 to 100 gallons.  
 
Recycled regenerant solution used in the third regeneration cycle contains significant perchlorate 
as a result of reusing the tetrachloroferrate from prior regeneration cycles. Perchlorate in the 
regenerant passes through the resin resulting in continued perchlorate elution after the resin is in 
equilibrium with the influent regenerant. The more rapid elution shown in Figure 6-2 for the 
third cycle as compared to the first two cycles strongly suggests that transferring resin to the 
regeneration vessel prior to the dilute acid backwash and elimination of the DI rinse results in a 
lower regenerant volume requirement in the third regeneration.  
 
Based on the elution curve presented in Figure 5-5 and the cumulative elution shown in Figure 6-
2, the tetrachloroferrate regeneration step has recovered the vast majority of the sorbed 
perchlorate within the first 300 gallons or regenerant. The volume of the resin bed was between 
115 gallons for the first regeneration cycle and 108 gallons for the third regeneration cycle. The 
tetrachloroferrate regeneration step could conservatively be reduced to 3 BVs from the 6 BVs 
planned for this demonstration. A more aggressive 2 BV regeneration step appears feasible with 
the elimination of the DI wash between the dilute acid wash and the tetrachloroferrate 
regeneration as was demonstrated in the third regeneration round. 
 

 

Figure 6-2. Perchlorate Mass Elution during Regeneration 
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6.13 PURGE RATE 

Some level of tetrachloroferrate purge is required to maintain a constant inventory of 
tetrachloroferrate regenerant and/or to maintain contaminants at an acceptable level. The 
determination of an optimum purge rate in this demonstration is complicated by variable 
tetrachloroferrate inventory over the duration of the demonstration and iron carryover to the post 
regeneration acid rinse. Furthermore, the limited number of cycles demonstrated did not produce 
contaminants at a level that interfered with treatment, regeneration, or destruction processes. 
 
The tetrachloroferrate technology as demonstrated utilizes liquid ferrous chloride to reduce 
perchlorate; at steady state, the addition of ferrous chloride solution would have to be balanced 
by a purge of fluid. In the second regeneration cycle, the tetrachloroferrate remaining in the resin 
after regeneration was recovered during the acid rinse, and was utilized in the third regeneration 
cycle. 

6.14 OPTIMUM PERCHLORATE DESTRUCTION CONDITIONS 

A series of parametric tests was performed with regeneration effluent from the first regeneration 
cycle and again for the second regeneration cycle. Perchlorate destruction efficiency was 
observed to improve with both increased residence time and increased temperature.  
 
To the extent the destruction process costs are influenced by the cost of the reactor, smaller 
reactors and thus shorter residence times would be preferred. Both parametric test series were 
able to achieve 95% perchlorate destruction at ~180 °C with a residence time of 1.5 hours or 
less. In the first parametric series, > 99% perchlorate destruction was achieved at ~190 °C with a 
residence time as low as 1.1 hours. With a 95% reduction goal, even shorter residence times 
could be used.  
 
A pseudo first-order reaction rate constant was determined for the parametric destruction runs 
with less than 95% destruction efficiency in order to compare with previously published 
destruction kinetics. 
 

Time Residence
)](/)(ln[ 44 outletClOinletClO

k
−−

=  

 
As shown in Figure 6-3, the rate constants from the demonstration-scale tests compare favorably 
to the published rate constants (Gu et.al., 2003). The Gu 2003 paper included testing at two 
different ratios of iron to perchlorate, referred to here as “low Fe” and “high Fe”.Regression of 
the published Low Fe data results in an estimate of 1.1 hour residence time for 95% destruction 
at 190 C. A reactor designed for 1.1 hour residence time at 190 °C is recommended to achieve ≥ 
95% perchlorate destruction. Thus, while no single clear optimum residence time or temperature 
was observed, the reaction was sufficiently predictable that a designer of a future scaled up 
perchlorate destruction system would easily be able to make the tradeoffs necessary between 
operating temperature, residence time and reactor size. 
 
 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 157 April 2010 



  

Figure 6-3: Perchlorate Destruction Reaction Rate Constant as a Function of Temperature 

6.15 OPERATION & MAINTENANCE 

Our IX operational experience is discussed in Section 5.5.2. Based on this experience the O&M 
characteristics of this system are expected to be the same as that of a single-use IX system 
(except for the handling of spent resin).  

6.16 REGENERANT READJUSTMENT 

In addition to the cost of the reactor, commercial regeneration operation would require 
consideration of both operations labor and reagents consumption. Ferrous iron is the primary 
reagent added in the regeneration process. Ferrous iron consumption drives not only the reagent 
cost, but also the amount of regenerant that will need to be purged to maintain a constant volume 
in inventory, assuming ferrous iron is added as a liquid as was done in this demonstration. 
Table 5-25 demonstrates that nitrate is also reduced in this system. In our demonstration high 
concentrations of nitrate were recovered from the resin along with the main perchlorate elution. 
Nitrate was partially reduced in the destruction reactor. Nitrite, an intermediate reduction 
product, appears to form at short residence times without appreciable further reduction at longer 
residence times despite the presence of significant ferrous iron. The production of gaseous 
nitrogen species such as N2 and NO was not monitored although gas emissions were observed. 
However, the sum of nitrate and nitrite appears to be largely conserved in the first round of 
parametric tests. This suggests that the gas generation occurred despite the very incomplete 
reduction of the available nitrate/nitrite. It follows that if perchlorate can be effectively reduced 
without nitrate reduction going all the way to nitrogen that less ferrous iron solution needs to be 
used in the future. If less ferrous iron solution was added, regenerant readjustment volume would 
also be reduced. 
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7. COST ASSESSMENT 

7.1 COST MODEL 

The cost model for IIX used in drinking water applications is built upon the design practices and 
experience of single-use IX installations. IIX technology is a drop in replacement for purchasing 
virgin perchlorate selective resin in a single-use IX application. There is no difference in the 
design and operation of the field portion of the technology with either single-use resin or IIX. 
Perchlorate saturated resin may be regenerated through a number of cycles using IIX and 
returned to service; no degradation of resin performance was detected in this demonstration. In 
both scenarios, saturated resin is removed from service and removed from the treatment site. In 
both scenarios the ready-to-use resin is brought to the treatment site to replace the saturated 
resin. The service life, breakthrough profile, and saturated capacity of regenerated resin are 
assumed to be identical to virgin resin in this model. 
 
Some of the cost elements, required to build and operate resin bed perchlorate treatment as IIX, 
were tracked in this demonstration as summarized in Table 7-1. These costs were not used 
directly in building the cost model. Rather engineering judgment and recent resin and disposal 
costs were built into a cost model for a perchlorate treatment system at a notional site. Resin beds 
can be expected to be similar at different sites with the main difference being the number of 
trains designed to operate in parallel. 
 
As discussed in Section 7.3, the primary cost differences between the current technology and IIX 
is the cost of changing resin in the treatment beds. Though regenerated resins will not require a 
purge to strip nitrosamines or impoundment of the discharge as typically required for virgin 
resin, these costs have been considered inconsequential within the scope of the model. Costs 
associated with regeneration and destruction specific to IIX accrue to the vendor and are covered 
by the market price of regeneration services. Costs built in the model reflect recent cost 
experience and vendor feedback and are not based on the costs incurred during the 
demonstration. 

7.1.1 System Design 

The design of the field system for a traditional single-use IX system or an IIX system is identical 
since the only difference between the two systems is what is done with the saturated resin, which 
is an operational difference not a design difference. The costs presented herein are for a “typical” 
perchlorate drinking water treatment system. We have assumed that our “typical” treatment 
system contains the following design basis elements: 
 

• Design flow rate of 4,000 gallons per minute (gpm). 

• IX vessels, resin and valve manifolds. 

• Booster pump. 

• Influent and effluent particulate filters. 
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• Site Survey. 

• Geotechnical Investigation. 

• Concrete equipment pad. 

• Piping connection between an existing groundwater extraction pump and a drinking 
water distribution system. 

• Electrical and instrumentation and controls design. 

• Miscellaneous hardware and treatment system appurtenances. 

 
 

Table 7-1: Cost Elements Tracked during IIX Demonstration. (15-gpm scale) 

Cost Element Data Tracked During Demonstration Costs  

Personnel/Labor Sr/Project Engineer, 258 h $33,381 

Reimbursables  $2,552 Wellhead 
System Design 

Subcontracted Labor/Deliverables Calgon $8,620 

Equipment IX Vessel with Resin $8,620 

Personnel/Labor Sr/Project Engineer, 142 h $18,722 

Materials/Reimbursables  $642 
Wellhead 
Installation 

Subcontracted Services Construction subcontractors $103,687 

Personnel/Labor (O&M, Sampling, 
Data Management) 

Staff Scientist to Sr Engineer, 
1933 h 

$177,562 

Materials/Reimbursables  $7,822 

Lab Analysis Includes significant diagnostic 
analyses for demonstration 

$101,103 
Wellhead O&M 

Other Subcontracted Services  $3,511 

Regeneration (includes shipping, three 
rounds of regeneration/return) 

Calgon $67,076 

Personnel/Labor Project/Sr Scientist, 338 h $39,141 
Regeneration of 

Resin 

Materials/Reimbursables  $3,864 

Destruction of perchlorate residuals 
(two rounds), disposal of wastewater 
residuals 

Calgon $36,432 

Design of Destruction Reactor Included in Regeneration 
Cost 

Destruction/Wa
ste Disposal 

Personnel/Labor Included in Regeneration 
Cost 
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The IX treatment system will be designed to be installed in close proximity to an existing 
groundwater extraction pump. Once a site survey and geotechnical investigation has been 
conducted, a concrete equipment pad will be designed to accommodate the treatment system 
equipment. Piping will be designed to connect the existing groundwater pump discharge pipe to 
the treatment system influent manifold, interconnection to/from the influent and effluent 
manifolds and the IX vessels valve manifolds, and finally from the effluent manifold to the 
existing drinking water distribution system or reservoir. A treatment system bypass may also be 
included. The influent and effluent manifolds include the particulate filters. The booster pump 
will be located after the effluent particulate filter. Electrical power to the booster pump will be 
included, as well as instrumentation and controls. Miscellaneous structural supports (e.g., pipe 
supports, filter mounts, instrumentation mounts, etc.) will be designed. It is assumed that a 
potentially responsible party (PRP) will pay a contractor for the engineering design. 

7.1.2 System Installation 

The system installation costs assume that a PRP will pay a contractor to install the treatment 
system as designed. Installation costs include the following elements: 
 

• Construction oversight. 

• Project management. 

• Construction services. 

• Utility location. 

• A treatment capacity of 4,000 gallons per minute (gpm) provided through two parallel 
IX vessel trains that are each comprised of two vessels configured in series with an 
interconnecting valve manifold (a total of four vessels in the system). Each vessel 
contains 424 cubic feet of resin. Vessels are 12-foot diameter carbon steel vessels. 
Includes first virgin resin fill. 

• A booster pump equipped with a VFD to overcome the pressure loss imparted by the 
IX vessels. The booster pump is a 175 horsepower (HP) split-case horizontal pump 
designed for a flow rate of 4,000 gpm at a total dynamic head (TDH) of 115 feet. 

• Influent and effluent particulate filters are included in the treatment system. 

• Concrete pad to support IX vessels, interconnecting valve manifolds, pipe supports, 
influent and effluent particulate filters, and other ancillary equipment. 

• Electrical control panel, booster pump disconnect and power supply. Costs assume 
that an electrical service exists with a motor control center (MCC) that has space to 
accommodate the 175 HP booster pump. Does not include provisions to install a new 
electrical service. Do not include SCADA. 

• Minimum grading to install the concrete pad. Excludes significant grading. 

• Capital items include sales tax at 9.5%. 

• Costs include contractor markup of 10%. 
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7.1.3 On-Site Operations and Maintenance 

On-site operations and maintenance (O&M) costing assumes that a PRP will reimburse a water 
purveyor for labor, utilities, contractors, routine maintenance, and laboratory analytical costs 
associated with the operation of the treatment system. Sales tax is included for capital purchases, 
but contractor markup is not included. O&M cost items are discussed in Section 7.3 – Cost 
Model. 

7.1.4 Regeneration of Resin 

Once the lead bed in a treatment train becomes saturated, the resin is either regenerated or, at the 
end of its useful life, incinerated or landfilled. In IIX, the resin is removed from service and is 
stored off-site pending regeneration with tetrachloroferrate as a contract service. The 
regeneration is a multi-step process resulting in the concentration of perchlorate from the resin in 
a small volume of tetrachloroferrate. Regenerated resin has been demonstrated to maintain 
perchlorate capacity similar to virgin resin through 3 regeneration cycles in this study and 
through at least 10 regeneration cycles in laboratory studies. Regenerated resin is returned to 
service as part of the regeneration contract when resin change-out is necessary. 
 
The costs of regenerating the resin is expected to be market driven in response to the cost of 
virgin resin and resin destruction. The process costs incurred in this demonstration are not used 
to estimate cost of regeneration. The scale of full-scale operations and an economic learning 
curve are expected to obviate the demonstration costs and any cost sharing inherent in the 
demonstration contracted costs. As discussed in Section 7.3, model costs for regeneration are 
based on vendor feedback and scaled, for the purposes of this model, with volume of resin 
regenerated. 

7.1.5 Destruction/Waste Disposal 

The PRP is expected to require certification of perchlorate destruction as a part of the 
regeneration scope of services. In single-use IX this is typically provided through incineration of 
the saturated resin. In an IIX model, perchlorate saturated resin at the end of its service life will 
receive the same treatment. Resin that is regenerated, however, will generate a spent regenerant 
highly concentrated with perchlorate. The perchlorate, now in a liquid matrix, must be destroyed 
to satisfy the regeneration scope of services. Chemical reduction of the perchlorate with ferrous 
iron under high temperature conditions was demonstrated in this project. Destruction of the 
perchlorate through incineration is a viable market-ready technology at present. The vendor is 
assuming the responsibility to destroy the perchlorate in this market model in a package with 
regeneration services. 
 
In addition to the perchlorate destruction, other residuals resulting from resin regeneration will 
be disposed of properly. These streams may include dilute acid rinses and other rinse waters that 
may contain other contaminants including metals, radionuclides, nitrosamines, and other 
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organics. Disposal for these residuals is also included in the market price obviating the need to 
scale disposal costs from demonstration costs. 

7.2 COST DRIVERS 

The cost of IX as a treatment technology for perchlorate depends on many factors including the 
treatment flow rate, concentration of perchlorate in the water, and the concentrations of 
competing ions, predominantly nitrate and sulfate, in the water. The perchlorate and competing 
ion concentrations are critical to the loading achievable on the resin, whether single-use or IIX, 
and thus the resin change-out schedule. The design of the resin beds and the resin volume in each 
bed are expected to be similar across sites due to similar mass transfer zones and an engineering 
optimization between the operating costs, driven by pressure drop across a bed, and the capital 
cost of the treatment system. The treatment flow rate will determine the size of the booster 
pump(s) and the number of treatment trains operating in parallel. These factors thus control the 
relative costs of the engineering, construction, operations, resin, etc. as parts of the total cost of 
water treatment. Regenerated resin will not require a significant purge to clear nitrosamines as is 
generally required for virgin resin; this cost impact is expected to be minimal. No other 
additional labor or safety concerns are expected for the end user relative to single-use resin. 
 
The primary factor affecting cost to the end user for implementing a regenerable IX system will 
be the cost of resin regeneration and perchlorate destruction. Calgon, as the licensee of the 
regeneration and perchlorate destruction technology, will likely negotiate market prices for the 
regeneration and perchlorate destruction consistent with their business model and market forces. 
The two major competing market forces are expected to be the cost of virgin resin and the cost of 
disposing of the spent resin. The cost for performing the resin regeneration and subsequent 
perchlorate destruction and regeneration residual disposal must be considered by Calgon in 
developing pricing for this service. The fixed cost of the technology would include the costs of 
obtaining NSF certification, which is required when using a technology in a drinking water 
application; the cost of the regeneration and destruction facility; and the costs of storage facilities 
to hold the regenerated resin pending re-use. The variable costs will include the transportation of 
the resin to the regeneration and destruction facility, operations and maintenance labor, reagents, 
residuals destruction and disposal, and licensing fees. 
 

• Transportation costs will depend on the trucking costs per mile and the location of the 
regeneration facility. The location of the regeneration facility will depend on the 
market development and penetration of this technology, and projections of the 
trucking costs and the costs to develop specific fixed facilities. 

• Operations and Maintenance labor will be determined primarily on the complexity 
required to perform the regeneration and perchlorate destruction. These costs would 
be expected to decline with time along a learning curve and as the regeneration 
market expands for a single facility. One of the major factors affecting complexity 
will be the method employed to commercially dispose of the perchlorate. While this 
demonstration included thermo-chemical destruction of perchlorate and subsequent 
disposal of a bleed stream, commercial destruction through incineration of the few 
bed volumes of spent regenerant that contain the most perchlorate may prove more 
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cost effective pending further development of the thermo-chemical destruction 
process. 

• Reagents for this process are principally ferric chloride (FeCl3), hydrochloric acid 
(HCl) and ferrous chloride (FeCl2). A small amount of base, likely sodium hydroxide 
(NaOH), will be required to neutralize certain regeneration residuals prior to disposal. 
The amount of reagent required will largely depend on the contaminant loading and 
the amount of disposal required to maintain regenerant and acid inventories. 

• Destruction and disposal costs will be dependent on regenerant and rinse volume 
management within the regeneration cycle and the disposal method of the perchlorate 
and other residuals. The elution profile of the resin will be crucial in selecting the 
volume of regenerant to be set aside for destruction, incineration in this model. The 
residual acid and iron lost during the rinse steps will also influence residuals 
destruction and disposal costs. Flow management affecting these streams is expected 
to improve with scale and operational experience. As discussed with operations and 
maintenance costs above, the cost of disposal will also be influenced by the method 
chosen to commercially destroy or dispose of the recovered perchlorate (i.e., 
landfilling, incineration, etc.). 

• The regeneration vendor would have costs attributable to the safe management of a 
low pH regeneration process.  If the destruction technology demonstrated here was 
also used, rather then commercial incineration, the regeneration vendor would also 
incur costs attributable to the safe management of a high temperature, high pressure 
pressure. 

7.3 COST MODEL 

The dominant perchlorate treatment technology for drinking water applications is currently 
single-use IX. In the field, IIX utilizes the same equipment and the same perchlorate-selective 
resin as in single-use IX. In single-use applications, the perchlorate-saturated resin is removed 
from the site and landfilled or incinerated. In IIX, the resin will be shipped offsite for 
regeneration and will subsequently be returned to service at the same utility. For IIX, the resin is 
destroyed at the end of its service life. As modifications to the perchlorate treatment facility in 
the single-use model are not required, a facility may change from a single-use model to an IIX 
model, or back to a single-use model, at any point in the operations life-cycle. The costing 
approach used for comparison is consistent with a potentially responsible party (PRP) 
contracting for design, construction and resin change-out including virgin resin purchase, resin 
destruction, and resin regeneration with residuals destruction and disposal as applicable, and the 
PRP will reimburse the water purveyor to operate the perchlorate treatment system. 
 
To provide a basis of comparison for single-use IX and IIX, the life cycle costs are estimated for 
each technology at a single generalized facility. The cost comparison is for the perchlorate 
treatment portion (single-use IX versus IIX) of the facility exclusively; the costs for other aspects 
of the facility and operations, such as chlorination, are not included in the cost comparison. The 
cost estimates are based on a generalized facility with two parallel perchlorate treatment trains 
treating a total of 4,000 gallons per minute. Each perchlorate treatment train consists of a lead 
bed and a lag bed, each bed containing 424 cubic feet of perchlorate selective IX resin. The 

ESTCP Revised Draft Final Report: 
Integrated Ion Exchange Regeneration Process 
for Perchlorate in Drinking Water 164 April 2010 



treatment system is equipped with a 175 HP booster pump that is equipped with a VFD to 
provide up to 50 PSI pressure to overcome the added pressure drop across the resin beds and 
piping. 
 
When the lead bed of resin becomes saturated, the lead bed resin is removed and replaced with 
fresh resin, either virgin resin or regenerated. At this point valves are switched so that the lag bed 
becomes the lead bed and the bed with fresh resin (the former lead bed) becomes the lag bed. 
Operations are assumed to continue in this fashion for the life of the perchlorate treatment 
system, assumed to be 30 years operation in this estimate. The frequency of the resin change-
outs will be determined primarily by the local water chemistry and the total volume of water 
treated. At low perchlorate concentrations, the saturation capacity of the resin is predominantly 
controlled by competing anion concentrations, mainly nitrate and sulfate. Based on saturation 
observed in a single resin bed at Fontana, 200,000 BVs are required to achieve saturation with 
either virgin or regenerated resin; this volume is applicable to saturation of the lead bed 
containing virgin resin at startup. After the initial perchlorate breakthrough in the lead bed at 
startup, all subsequent lag bed resins will be partially loaded while operating because of the 
perchlorate breakthrough or leakage from the lead bed. Based on ~100,000 BV breakthrough 
observed at Fontana, we estimate saturation occurs at 150,000 BV after initial startup. Actual 
resin change-outs will occur based on system perchlorate monitoring of the bed effluents. The 
treatment system is assumed to operate for 351 days per year with 14 days reserved for 
maintenance and other miscellaneous downtime. As a result, the system is expected to treat 
2,022 MM gallons/year or 6,205 acre-feet/year. 
 
After the treatment system is commissioned, the majority of operations are assumed to be turned 
over to water purveyor personnel. Non-routine operations and maintenance requirements of the 
perchlorate treatment system are assumed to be contracted. 
 

• Operations Labor – Field operations and management labor are generally provided by 
the water utility with reimbursement from a PRP, which is assumed in this cost 
model. Labor is required for compliance and process sampling, quality assurance, 
reporting and other associated system management activities. These costs are 
estimated on a time and materials basis. . 

• Laboratory – A sampling and analytical program is necessary for the perchlorate 
treatment system. Sampling and analytical requirements are assumed to be identical 
for both single-use IX and IIX. The analytical cost associated with certifying 
regenerated resin for re-use and for disposal of residuals is included in the 
regeneration and perchlorate destruction price. Laboratory costs are based on a 
periodic sampling program: 

– Annual: System influent and effluent cyanide, 1,2,3-trichloropropane/1,4-
dioxane, ethylene 1,2-dibromomethane/1,2-dibromo-3-chloropropane, Fish 
Toxicity 

– Quarterly: System influent and effluent 200.8 metals, chrome VI, gross alpha, 
radon, uranium. System influent nitrosamines, volatile organic compounds 
(VOCs), semi-volatile organic compounds (SVOCs) 
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– Monthly – System influent and effluent perchlorate, common anions, nitrate, 
pH, total dissolved solids (TDS), total organic carbon (TOC), and fluorine. 
System effluent VOCs, SVOCs, and uranium. Bed effluent nitrosamines. 

– Bi-weekly – Inter-bed perchlorate. 

– Weekly – Bed effluent perchlorate. 

• Maintenance – Non-routine maintenance is assumed to be subcontracted at 3% of 
system construction costs per year. 

• Electricity – Estimated based on booster pump operation at 4,000 gpm pumping rate 
producing 50 PSI head. Pump is assumed to be 75% efficient and the drive is 
assumed to be 90% efficient. Electricity demand is estimated at 128.9 kW operating 
24 hours a day for 351 days per year. Electricity is charged at $0.15/kW-h. 

• ODC – Other direct costs include expenses from the contractor to cover travel 
expenses and certain office expenses such as communication and reproduction 
charges. 

 
The costs for virgin resin depend on the volume, price, and resin change-out schedule. Both 
single-use and IIX will require virgin resin; the same resin is assumed for both single use and IIX 
cases. Single use resin will require virgin resin each change-out. IIX will require virgin resin as 
regenerated resin deteriorates because of irreversible fouling, chemical oxidation, physical 
degradation, etc. following multiple regeneration cycles; the resin is subsequently destroyed by 
incineration. Based on Fontana experience and the flow rate through each bed, change-out of the 
first bed is planned after 220 days of operation at full capacity. Subsequent change-outs are 
planned after 165 days of operation at full capacity. For single use resin, this schedule results in 
63 change-outs and virgin resin purchases over 30 years of operation for each treatment train—a 
total of 126 change-outs. For IIX, the same 63 change-outs are planned, however, an eight 
regeneration cycle service life is assumed resulting in the purchase of seven additional beds of 
resin over 30 years of operation for each treatment train—a total of 14 virgin resin change-outs. 
The cost of each bed of resin is estimated based on 424 ft3per bed and a resin purchase price of 
$225/ft3 (excluding disposal charges). In addition, purchased resin is assumed to be subject to 
sales tax applicable for the facilities location. Sales tax on purchased items (not services) is 
assumed to be 9.5% in this cost estimate consistent with the tax rate in Fontana. With the sales 
tax included, the resin purchase price is estimated at $246/ft3 as shown in Table 7-2. 
 
The costs for regeneration service will also depend on the volume, price, and resin change-out 
schedule. 63 resin change-outs are planned over 30 years for each treatment train. With IIX, 
seven of these change-outs are planned with virgin resin and the remaining 56 are planned with 
regeneration service. As with virgin resin purchases, each regeneration service is estimated based 
on 424 ft3per bed. The cost of regeneration service is expected to be market based to compete 
with virgin resin purchases; a price of $198/ft3 has been assumed for this costing based on 
vendor (Calgon) input. The pricing assumes the vendor will hold spent resin pending 
regeneration and bill for regenerated resin when delivered as required for change-out; the vendor 
anticipates a similar delivery time for regenerated resin as for virgin resin. Pricing is also 
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assumed inclusive of residuals disposal and resin certification testing required to demonstrate the 
suitability of regenerated resin for drinking water treatment service. Regeneration service is 
assumed to be exempt from sales tax. 
 
The perchlorate destruction costs are based on incineration. Perchlorate exchanged to the resin is 
incinerated and is therefore destroyed. Perchlorate recovered from the resin during IIX 
regeneration is destroyed separately within the scope of the regeneration service; while 
perchlorate destruction may proceed through reduction with ferrous iron as demonstrated, 
commercial incineration of perchlorate residuals is expected to be market ready and is expected 
to dominate early implementation of the technology until ferrous destruction becomes more cost-
effective. Each bed of resin purchased during the planned 30 years of system operation is 
assumed to be incinerated. In addition, at the end of 30 years of operation the remaining two 
beds of resin in each treatment train, corresponding to the original resin charge, are assumed to 
be incinerated. Incineration costs are based on 424 ft3 per bed and a tipping fee of $20/ft3. 
 
The model costs for the perchlorate treatment system are summarized in Table 7.2. These costs 
assume a one-year construction timeframe followed by 30 years of operation. After 30 years of 
operation, the facility is assumed to be scrapped at no net cost except the cost of incinerating the 
remaining resin. Net Present costs are calculated using a real interest rate of 2.7%. From the 
preceding discussion, it is clear that IIX will result in cost savings to the extent that the market 
price for each regeneration service is less than the cost of purchasing virgin resin and 
incinerating the saturated resin. Over the 30 year operations life of the treatment system, single-
use IX is modeled to cost $100.16 per acre-ft compared to $88.37 per acre-ft IIX. IIX is modeled 
to save $2,194,002 in net present costs over a 30 year life cycle for the model facility. 
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Table 7-2: Perchlorate Treatment System Life-Cycle Costs 

  IIX NPC Single Use Resin 
NPC 

Wellhead Treatment Design Engineering 
Site Survey 
Geotechnical Investigation 
ODC    
Subtotal 

$53,270 
$4,400 
$5,400 

 $880 
$64,050 

$53,270
$4,400
$5,400

 $880
$64,050 

Wellhead Treatment 
Construction & 
Commissioning 

Engineering and Labor 
Mechanical Contractor 
Electrical Contractor 
Utility Clearance 
IX vessels & Initial Fill 
Booster Pump 
ODC    
Subtotal 

$64,180 
$330,000 
$27,500 
$1,100 

$1,296,900 
$211,200 

 $12,117 
$1,942,997 

$64,180
$330,000
$27,500
$1,100

$1,296,900
$211,200

 $12,117
$1,942,997 

Wellhead Treatment 
Operations & Maintenance 

Ops Labor $72,260/yr 
Laboratory $36,000/yr 
Maintenance $58,000/yr 
Electricity $170,400/yr 
ODC  $4,160/yr 
Subtotal  $340,820/yr 

 
 
 
 
 

$6,967,272 $6,967,272 

Virgin Resin $246/ft3 $992,140 $8,929,262 

Regeneration $198/ft3 $6,388,415  

Incineration $20/ft3 $95,513 $740,808 

Total NPC  $16,450,387 $18,644,389 
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8. IMPLEMENTATION ISSUES 

8.1 APPLICABLE REGULATIONS  

• In general systems for the treatment of drinking water are governed by the safe 
drinking water act and their residuals by the clean water act. State agencies typically 
apply both the federal standards and state specific regulations to drinking water 
providers. In CA the cognizent regulatory agencies are the Department of Public 
Health (DPH), Regional Water Quality Control Board (RWQCB) and DTSC. These 
agencies in turn generally require materials or processes used for drinking water 
treatment be certified by NSF http://www.nsf.org/. A-530E bi-functional, 
perchlorate–selective IX resin is a commercially available, NSF-61 certified, resin. It 
is approved for use in drinking water treatment systems without regeneration. Calgon 
is pursuing certification for the drinking water applications of the regeneration system 
tested here. 

• Residuals disposal is regulated under RCRA both at the treatment facility and the 
regeneration facility. Should the destruction technology be implemented at full-scale, 
clean air act requirements would also need to be considered. Since naturally occurring 
radionuclides can be accumulated on anion exchange resins the requirements for 
technologically enhanced naturally occurring radioactive materials need to be 
considered (http://www.epa.gov/nrmrl/wswrd/dw/smallsystems/residuals.html). 
Additional permit and regulatory requirements that may apply in some jurisdictions 
include zoning and building permits for system installation.  

8.2 END USER CONCERNS AND DECISION MAKING FACTORS 

The main end-user issues for this technology are cost, reliability, and availability. One-pass IX 
has already been shown in numerous drinking water treatment applications to be a reliable, 
readily available, and cost-effective perchlorate treatment technology. This demonstration is an 
extension of this currently-available, widely-applied technology. The main purpose of this 
demonstration was to show that this technology can effectively regenerate perchlorate-loaded IX 
resin, destroy perchlorate, reduce waste streams, and thereby further reduce perchlorate treatment 
costs. A major benefit of this technology is that it can be added to existing perchlorate treatment 
systems without adding on site infrastructure. Since this technology has been shown to be 
effective in regenerating spent IX resin, destroying perchlorate, and reducing waste volume, this 
technology would be expected to be readily marketable end users and implement at existing or 
planned treatment facilities.  
 
As shown in Section 7 this technology appears to have a small cost advantage on a percent basis 
over the existing technology which can lead to substantial savings since the overall cost of 
perchlorate treatment remains high, despite recent decreases in resin price. A portion of that cost 
advantage however is due to the fact that services are not subject to sales tax in many 
jurisdictions while materials such as one use resin are taxed. The demonstration site, Fontana 
Water Company, is an investor owned utility. Water treatment for perchlorate more generally 
would be expected to be conducted by a mix of investor owned, government owned and other 
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private utilities (information about the mix of these in the market place can be found at 
http://www.iatp.org/iatp/publications.cfm?refid=99838 and 
http://www.pacinst.org/publications/essays_and_opinion/public_or_private_editorial.pdf). 
Similarly water treatment in DoD is provided by a mix of privatized contractors and government 
providers. In many states local governments can be reimbursed for any sales taxes on their 
purchases. 
 

• Commercialization of this technology would likely benefit from a regional-based 
regeneration facility constructed somewhere in the Southwest United States. This 
would be beneficial to reduce resin transportation costs. At the time of writing, no 
such facility is currently being engineered. To fully implement this technology, the 
regeneration vessel and perchlorate destruction reactor will need to be scaled-up to 
such a system. The front-end components of this technology—IX vessels, and resin—
are already commercially available at full-scale. The regneration service is already 
being provided by Calgon on a commercial basis to nondrinking water perchlorate 
treatment applications. The destruction technology, if utilized would require scale-up. 
The back-end components of this technology—regeneration vessel and perchlorate 
destruction reactor—are patented technologies that the end user would not be 
required to purchase (i.e., there would be a vendor-provided resin regeneration 
service). 

• Nitrosamines were found in significant quantities in the tetrachloroferrate 
regeneration fluid and in rinses subsequent to tetrachloroferrate regeneration. 
Nitrosamines were also detected in the wellhead feed water. It is not clear whether the 
nitrosamines were recovered from wellhead feed water, leached from existing 
reservoirs in the resin, or generated in the regeneration process. Nitrosamines would 
be expected to build up in the tetrachloroferrate regenerant, a process observed in the 
demonstration, limited by destruction in the perchlorate reduction reactor and purge 
associated with maintaining a fluid balance and with contaminant control. Although 
nitrosamines were found in the regenerant solutions, there is no evidence that 
nitrosamines carried through with the resin to cause problems in the wellhead 
treatment. 

• Several halogenated VOCs were found in the wellhead effluent immediately after 
resin installation for the second wellhead treatment round, after the first round of 
regeneration. Halogenated VOCs were similarly found in the final water rinse after 
the first round of regeneration, immediately prior to installation of the resin for the 
second wellhead treatment round. Halogenated VOCs were not found in the wellhead 
effluent immediately after resin installation in the first wellhead treatment or in the 
third or fourth wellhead treatment rounds. It appears these halogenated VOCs in the 
second wellhead round effluent were a direct result of the regeneration and not a 
result of VOCs in the virgin resin nor from the influent water. Halogenated VOCs in 
the final water rinse after the second and third round of regeneration diminished 
successively from that in the first round of regeneration. This sequence strongly 
suggests the halogenated VOCs were the result of contamination of either the 
regeneration reagents or the regeneration equipment (PVC construction) which was 
successively washed and/or stripped from the system. This source of halogenated 
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VOCs is not likely to be important in large scale implementations provided the purge 
rate of tetrachloroferrate regenerant is small. 

• Halogenated VOCs appear to have been formed in the perchlorate destruction reactor. 
Destruction reactor effluent from both the first and second regeneration rounds 
contained significantly elevated chloromethane, and to a lesser extent 1,2-
dichloroethane, and bromomethane. Halogenated VOC production does not appear to 
be influenced significantly by the variation in reaction temperature or residence time 
studied during the parametric destruction tests. Buildup of these VOCs will be 
controlled to some extent by the purge rate of tetrachloroferrate regenerant and the 
fraction of regenerant processed in the destruction reactor. 

• The regenerable IX technology can also be considered a “green technology” that 
provides some environmental benefits when compared to conventional technologies. 
Although a complete life cycle assessment of the two technologies was outside the 
scope of this work. Single use resins have become the norm for perchlorate removal 
applications. These resins once loaded with perchlorate are then disposed generally 
by incineration, although single use resins are engineered to be capable of 
regeneration. The regeneration process discussed here is expected to have a smaller 
carbon footprint then the single use process. Resins are essentially made from oil 
(peterochemicals). Calgon estimates that the carbon footprint for the regnerable 
process is 12.5% that of single use resins (Drewry, 2009).  

8.3 PROCUREMENT ISSUES 

The perchlorate selective IX resin technology developed by Oak Ridge National Laboratory 
(Oak Ridge name D-3696) is used in resins sold by multiple vendors including Purolite and 
Thermax-USA. This regeneration process is also applicable to any nitrate-selective resins used 
for perchlorate treatment and most perchlorate-selective resins (except Amberlite PWA-2). Tests 
reported by Gu (2001) included both the A-530E/D-3696 bi-functional resin and the Purolite A-
520E mono-functional anion exchange resin that has triethylammonium exchange sites. Tests 
have also been conducted on Purolite A-500 (Gu, 2006a). Based on theory, this regeneration 
technology should be applicable to a wide range of resins manufactured by several companies. 
 
The regeneration and destruction processes manufactured here are currently only being 
commercialized by only one source – Calgon. The US federal government can however practice 
the technology without paying a license fee. Calgon is marketing this technology under the trade 
name CRS (Custom Resin Regeneration Service). Government entities wishing to use the 
technology thus may wish to use a sole-source justification process, or to structure their requests 
for proposal (RFP)_ broadly enough to allow the IIX process to be bid as well as single use IX. 
As shown in Section 7 the RFP could be for either of the following: 
 

• Turnkey water treatment services  

• Supply of ready to use resin plus disposal of used resin 
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Quality Assurance Project Plan

Integrated Ion Exchange Regeneration Process for 
Perchlorate in Drinking Water

ESTCP Project ER-0545

February, 2006

B.1 Purpose and Scope

This Quality Assurance Project Plan (QAPP) delineates our approach for monitoring the 
demonstration to ensure that the facilities, equipment, personnel, methods, practices, records, and 
controls are in conformance with ESTCP-approved data quality objectives.  The QAPP was 
developed in accordance with recommended EPA guidance on data quality objectives, QAPP 
preparation, and data quality assessment. This QAPP is not intended to be a standalone 
document. Rather, it is a supplement to and an appendix of the project Demonstration Plan which 
outlines the broad approach to the project and includes extensive information germane to quality 
management..

B.2 Quality Assurance Responsibilities

Project team assignments are represented in the organization chart in Figure 3-4 of the 
Demonstration Plan. 

The Principal Investigators (Trent Henderson and Dr. C.C. Chiang) have the following quality 
assurance (QA) responsibilities:
§ Guide experimental design to ensure that client and stakeholder objectives are met
§ Review demonstration QA project plan, sampling plans, test plans, etc.
§ Review decisions about major corrective actions
§ Periodically review interim data and make appropriate adjustments to the project plan in 

consultation with the client and host site Review final technical report and cost & 
performance report

§ Ensure equipment and instrumentation is calibrated and in good working condition
§ Serve as the primary QA reviewer and authority for engineering design matters.  

The Project Manager (Chris Lutes) has the following QA responsibilities:

§ Coordinate preparation of demonstration QA project plan, sampling plans, test plans, etc.
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§ Serve as the project’s liaison with senior corporate management to ensure the assignment of 
adequate resources

§ Ensure personnel assigned to project are adequately trained
§ Ensure activities are carried out as planned and deviations are documented
§ Initiate corrective action procedures
§ Periodically review interim data and make appropriate adjustments to the project plan in 

consultation with the client and host site, communicate any problems or deviations from 
plan to the QA Officer

§ Coordinate preparation of final technical report and cost & performance report

The QA Officer/Team Chief for this demonstration (Laura Nessley) has the following 
responsibilities:
§ Review and approve demonstration QA project plan, sampling plans, test plans, etc.
§ Supervise the work of other members of the QA team
§ Perform periodic audits to ensure demonstration is conducted as planned and any deviations 

from plan or standard methods are adequately documented
§ Report any audit findings or problems to the Project Manager
§ Review laboratory data and ensure it is supported by appropriate quality assurance/quality 

control (QA/QC) information
§ Review final report and cost & performance report to ensure that is accurately describes the 

methods and standard operating procedures, and that the reported results are supported by 
raw data

It is the responsibility of the Project Manager and Associate Project Manager to ensure that 
required QA/QC documentation is in place before any demonstration activity is begun and 
that documented QA/QC activities are carried out in all phases of the demonstration. 
Christopher Lutes is the Project Manger and Angie Frizzell is the Deputy Project Manager
for this demonstration. Project Management is responsible for ensuring that staff members 
are adequately trained to perform assigned duties.

Ms. Laura Nessley is the QA Officer/Team Chief for the demonstration. Ms. Nessley is the 
QA Manager for ARCADIS’ Technology Services Division. The QA Officer will assume 
responsibility for, or assign an on-site QA representative to perform QA support activities 
during the demonstration. Any designated QA representative will report regularly to Ms. 
Nessley and will be jointly responsible for ensuring that QA tasks meet contractual 
requirements as well as the requirements that are established in the ARCADIS Durham
Office Quality Management Plan. The QA Officer’s responsibilities include support in the 
preparation and review of this QA project plan, conducting internal systems and/or 
performance audits, QA/QC reporting, and involvement in the correction of any issues 
leading to data quality concerns.

The six additional members of the QA Team will have the following functions:
The Measurement QA manager will perform validations of laboratory data and reviews of 
internally-generated data (as prescribed in Section B.4.5). The Engineering QA manager 
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will be responsible for reviews of engineering designs and drawings, and oversight of 
operations and performance monitoring. Auditors assigned to each site will have 
responsibility for on-site QA audits during demonstration activities and reviews of the data 
generated. Calgon’s internal QA officer and the QA officer of the primary commercial 
laboratory to be used are also members of the QA team.  These staff members are shown in 
figure 3-4.

As Project Managers, Mr. Lutes and Ms. Frizzell will openly communicate with both Ms. 
Nessley and the principal investigators/senior project advisors. Project personnel including 
four Task Managers, other technical staff, and field technicians are expected to work 
closely with the QA Officer to ensure that QA/QC activities are adequate and that any 
problems are identified and corrected. Corrective actions are initiated by the Project 
Manager and reported to both the Principal Investigators and the QA Officer.

It is the intention of ARCADIS that communications about data quality flow freely both up 
and down the organizational chart during the demonstration. Past experience in ARCADIS 
suggests that it is imperative to include field level personnel in communications pertinent to 
data quality. This open communication to and from field staff will aid in ascertaining the 
quality of the data generated during the effort.

B.3 Data Quality Parameters

Data quality parameters for the project are accuracy, precision, completeness, comparability and 
representativeness. Accuracy, precision, and completeness for the analytical measurement 
process will be calculated in the manner described in Section B.6. These parameters are routinely 
determined by contract analytical laboratories in keeping with their commitment to quality 
control. Further discussion of individual data quality parameters is provided below. 

The project team and its subcontracted analytical laboratories will rely primarily on timely 
servicing and appropriate calibration of analytical instruments to attain accuracy. Accuracy goals
for analytical measurements are specified in table B-1 below and in some cases the methods for 
each parameter (methods to be used are given in Table 3-3 of the Demonstration Plan).  
Accuracy goals are tested through the use of laboratory control samples and matrix spike 
samples. The results of this testing will be reported by the laboratory to the project team. The 
analyte list contains parameters that have been chemically quantified for many years in 
environmental media. As a result, correctly performed analysis of these parameters is capable of 
generating the accuracy needed to guarantee the success of this demonstration. It is important to 
attain a high level of accuracy to facilitate inter-comparison of analytical results from different 
treatment elements and multiple treatment cycles. 

Both ARCADIS and Calgon routinely check the precision of analytical field instruments in the 
course of collecting data during field sampling activities. Likewise, the contract analytical 
laboratories chosen for this project are accustomed to precision goals. Some of the analytical 
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methods in Table 3-3 contain precision goals that will be tested by runs of laboratory-prepared 
replicates. In addition, field duplicate samples for all analytes will be provided to the laboratories 
as described in Section B.4.1 to test for analytical precision. For the three critical parameters 
(perchlorate, nitrate and uranium), the precision goal for field duplicates is 15% relative percent 
difference, irrespective of what may be listed in the individual methods. For the other two
critical parameters (NDMA, NDEA), the precision goal for field duplicates is 25% relative 
percent difference (note given the low concentrations of these parameters expected a 30% goal is 
suggested by Cheng/Water Reuse Foundation quoting California Department of Health 
Services1).  For the other parameters the accuracy goal will be 25% relative percent difference, 
unless a more stringent goal is specified in the applicable method. 

Completeness is defined as the number of acceptable measurements compared to the number of 
total measurements taken expressed as percent. Acceptable measurements are defined as 
measurements that fall within data quality indicator (DQI) goals for accuracy and precision. The 
completeness goal for this demonstration project is 90% for all parameters, to be applied 
separately to the ion exchange portion of the samples, the regeneration system samples and the 
destruction system samples. 

Comparability is defined as the degree to which different methods, data sets, and/or decisions 
agree or can be represented as similar. The methods used to obtain data and the manner in which 
data is presented will be consistent throughout this program to ensure comparability between 
data sets. In the case of perchlorate, because of limitations in the primary analytical method to be 
used (EPA Method 314), an alternate method (331.0 or 332.0) will be used on a subset of 
duplicate samples. A discussion of the comparability of the two methods is provided in Section 
3.6.7.3 of the Demonstration Plan.  Since the methods specified in Table 3-3 of the 
demonstration plan are for the most part standard in the industry comparability should be good.

Representativeness of water samples will be assured by a long-term monitoring record already 
established by the Fontana facility, as well as by a year’s worth of data collection during the 
demonstration. The project team has based site selection and design parameters on available data 
from operations at Fontana and will verify the baseline conditions during the first round of 
influent analysis and throughout the demonstration.

Representativeness will also be addressed through sampling procedures. The sample storage and 
preservation requirements (Section B.6) will apply to all samples. Specific sample collection 
methods will also apply to pipes and tanks. The ion exchange element of the demonstration will 
involve sampling from pipes; the regeneration and destruction elements will involve sampling 
from both pipes and tanks.

Perchlorate is the primary contaminant of concern. Because of its high solubility in water and 
"limited propensity to adsorb to moist soil surfaces," it is expected to be associated primarily 

  
1 Cheng, R.C. et all. “Alternative Methods for the Analysis of NDMA and Other Nitrosamines in Water and 
Wastewater”, WaterReuse Foundation, Alexandria VA, 2005.
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with the dissolved phase. The other analytes might be more likely to be associated with 
particulate, although particulate is expected to be low in the treated water. The concentration of 
perchlorate in the drinking water to be tested is so low that there is no possibility of density 
effects.  The following sampling procedures will be observed:

§ Pipes will be sampled from a faucet tap. The tap will be flushed out prior to sampling in 
order to remove anything that may have been sitting in the tap. The flow in the adsorption 
system will be effectively constant, thereby minimizing representativeness issues. Samples 
will be collected directly into sample containers whenever possible, to avoid contaminating 
the sample with an intermediate collection device. 

§ Tanks will be sampled from sampling ports on the tanks. For sampling ports 101-103 which 
are on the feed tanks:  the feed tanks are recirculated/mixed after reconstitution (if necessary) 
before taking a sample.  The sample will be pulled off after the tank is well mixed.

B.4 Calibration Procedures, QC Checks and Corrective Actions

B.4.1 QA/QC Samples for Contract Lab Analyses
Samples to be analyzed by contract laboratories will be accompanied by QA/QC samples 
including duplicates, field blanks, trip blanks, matrix spike/matrix spike duplicate (MS/MSD) 
samples, and performance evaluation samples. The frequency of QA samples discussed here is 
based on the analytical matrix in Table 3-3 of the Demonstration Plan for performance 
verification samples that will be analyzed by commercial laboratories. QA/QC samples will be 
collected in the following manner:

Duplicate Samples
One duplicate sample of each laboratory analyte will be collected for every 8 samples, for an
approximately 12.5% rate of duplicate sampling.
§ For the ion exchange system, samples are collected in batches of 8, 4 or 2 per month. Thus, 

one duplicate sample will be collected for each batch of 8 samples, or for every second or 
fourth batch of 4 or 2 samples, respectively. This equates to one duplicate sample for every 
monthly batch of samples for perchlorate, nitrate, sulfate, pH, TDS and TOC; one duplicate 
sample for every other monthly batch of samples for chloride, fluoride and nitrosamines; and 
one duplicate sample for every fourth monthly batch of samples for all other analytes. 

§ For the regeneration and destruction systems, samples are collected in various-sized batches 
per cycle and differing numbers of cycles, which don’t lend themselves to “per batch” 
tracking of duplicate samples. In addition, the regeneration and destruction systems will be 
operating simultaneously and in the same location, so samples from these systems will be 
combined in calculating duplicate sample requirements. The duplicate samples for each 
analyte will be tracked as the demonstration proceeds to be sure the one in eight QA/QC 
sampling requirements are covered.
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Field Blanks
One field blank will be prepared for each laboratory analyte for every eight samples, for an
approximately 12.5% rate of field blank samples. The sampling scheme for field blanks is 
therefore the same as for duplicate samples. Field blanks will be prepared by filling laboratory-
supplied sample containers with laboratory grade analyte-free water.

Trip Blanks
One trip blank (for VOC analysis only) will be collected with every shipment of VOC samples. 
Samples from the regeneration and destruction systems may be batched together with one trip 
blank. Trip blanks will consist of samples of clean water prepared by the laboratory that are 
shipped to and from the site with the other VOC sample vials.

Batch-specific MS/MSDs
Laboratories will perform these analyses in accordance with method requirements, and no 
additional field sampling is required. Batch-specific MS/MSD results will be provided for all 
laboratory analytes.

Project-specific MS/MSDs
The additional sample volume required for project-specific MS/MSD analysis will be provided 
to the laboratory at a minimum rate of one MS/MSD sample per 24 samples, for a minimum 
4.2% rate of project-specific MS/MSD samples. MS/MSD samples will be prepared by filling 
extra laboratory-supplied sample containers (as specified by the laboratory) with water from a 
sampling location and labeling the containers as MS/MSD samples.
§ For the ion exchange system, this equates to one project-specific MS/MSD for every third 

monthly batch of samples for perchlorate, nitrate, sulfate, pH, TDS and TOC; one project-
specific MS/MSD for every sixth monthly batch of samples for chloride, fluoride and 
nitrosamines; and one project-specific MS/MSD for every twelfth monthly batch of samples 
(one per project) for all other analytes. 

§ For the regeneration and destruction systems, the odd numbers of samples per batch and 
cycles don’t lend themselves to “per batch” tracking of MS/MSD samples. In addition, the 
regeneration and destruction systems will be operating simultaneously and in the same 
location, so samples from these systems will be combined in calculating MS/MSD sample 
requirements. The MS/MSD samples for each analyte will be tracked as the demonstration 
proceeds to be sure QA/QC sampling requirements are covered.

Performance Evaluation Samples
If appropriate standards are commercially available, one performance evaluation sample will be 
provided for perchlorate and one for NDMA/NDEA analysis. The samples will consist of 
standard solutions of these analytes, purchased from a commercial vendor, and used to fill 
laboratory-supplied sample containers. The performance evaluation samples will not be 
identified to the laboratory as such.  
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B.4.2 QA/QC Samples for On-Site Analyses
The regeneration and destruction portions of the demonstration will involve on-site chemical 
analysis of certain parameters listed in Tables 3-7 and 3-8 of the Demonstration Plan. These 
parameters - total acidity, total iron and total ferrous iron - will be measured using Hach test kits. 
On-site analyses are limited to non-critical parameters to be used for engineering analysis rather 
than performance verification, and as such are subject to less rigorous QA/QC testing than the 
contract lab parameters discussed in the previous section. The following QA/QC testing will be 
performed relative to on-site analyses:

§ Calibration as discussed in Section B.4.3
§ Analysis of replicates for 5-10% of samples 
§ Verification testing of total iron at contract labs as part of the engineering analysis (Tables 3-

7 and 3-8) and performance verification monitoring (Table 3-3).

B.4.3 Calibration Procedures
Calibration procedures for the standard EPA and Standard Methods are covered fully in those 
methods. Copies of the methods are available upon request.

Calibrations of Hach methods will be tested by measuring standard solutions as described in the 
Hach methods manuals. Calibration results that deviate from accuracy goals will be noted, and 
the corresponding data will be flagged.

B.4.4 Laboratory Duplicate and Control Testing
Duplicate and control testing for off-site analytical testing is specified by the individual 
analytical methods. The laboratories performing these analyses will comply with the testing 
requirements of the specified methods. On-site analyses are limited to non-critical parameters 
which do not have specified duplicate and control testing methods (e.g., temperature, Hach kit 
tests). For these analyses, replicate samples will be analyzed for 5-10% of samples (see QA 
sample summary in Section B.4.2). It is noted that most of the parameters to be analyzed on-site 
will also be analyzed (although generally at a lower frequency) at commercial labs as part of the 
performance verification sampling plan (Table 3-3 of the Demonstration Plan).

B.4.5 Data Reduction, Validation and Reporting
The subcontracted analytical laboratories will be required to submit all data packages as
electronic data deliverables (EDDs) in Excel or a format that can easily be imported into Excel. 
Data structures are illustrated in Figure B-1 at the end of the QAPP. Data will be collated 
according to the three main unit process discussed in the demonstration plan. Thus, the proposed 
data structure is built primarily on subdirectories for each unit process with Excel workbooks for 
the main types of data (chemistry, engineering, fiscal). Then within the workbooks, separate 
worksheets will be established for different categories of final data (i.e., anions and perchlorate 
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on one worksheet, SVOCs and NDMA on another). These worksheets will be fed in turn by 
worksheets representing the individual laboratory batches/EDDs. The data files will be stored on 
an extranet site accessible to both ARCADIS and Calgon that is periodically backed up.

Data packages from subcontracted laboratories will contain Level II QA/QC data. Upon receipt 
of data from the subcontracted laboratories, the ARCADIS QA Officer will perform a validation 
of the perchlorate and NDMA/NDEA data using the USEPA National Functional Guidelines 
(NFG) for the Review of Organic Data, dated October 1999, NFG for the Review of Inorganic 
Data, dated July 2002, the method specific criteria, and professional judgment where applicable. 
The report will be evaluated for the following items, as appropriate:  the chain of custody (to 
verify that requested analyses were conducted); analytical hold times; surrogate recoveries; blank 
contamination (method, equipment, field); laboratory control sample (LCS)/LCS duplicates; site-
specific MS/ MSDs; laboratory duplicates; blind field duplicates; and laboratory footnotes and 
qualifications. Memoranda summarizing the findings of the data validations will be prepared for 
the project files.

For internally generated data, 100% of the data will be reviewed for reasonableness and 
completeness. 

A final technical report and a cost and performance report will be prepared in accordance with 
ESTCP formats. It is anticipated that these reports will include both tabular and graphical 
depictions of the data collected. Methods to be used for data analysis, interpretation and 
evaluation are discussed in Section 4.3 of the Demonstration Plan.

B.5 Demonstration Procedures

Start-up activities for the demonstration are discussed in detail in Section 3.6.1 of the 
Demonstration Plan. Operations & maintenance of the system are described in Sections 
3.6.1.through 3.6.5.4. The same discussions address foreseeable problems and corrective actions, 
including high differential pressure across resin beds (Section 3.6.1); accumulation of impurities 
in the regenerant solution and rinse water management (Section 3.6.5.2).

B.6 Calculation of Data Quality Indicators

Accuracy
Accuracy can be expressed as percent bias from a known standard or percent recovery based 
upon known spiked amounts.  Percent bias is calculated using the following equation:

%Bias = [known value – obtained value)/known value] * 100
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Percent recovery is calculated by:

%Recovery = [measured value/spiked amount] * 100

Precision
Precision, expressed as relative standard deviation (RSD) between replicate measurements can 
be determined using the formula:

%RSD = standard deviation of replicate measurements/average *100

Completeness
Completeness is defined as the number of acceptable measurements compared to the number of 
total measurements taken expressed as percent.  Acceptable measurements are defined as 
measurements that fall within DQI goals for accuracy and precision.

Comparability
Comparability is defined as the degree to which different methods, data sets, and/or decisions 
agree or can be represented as similar.  The methods used to obtain data and the manner in which 
data is presented will be consistent throughout this program to ensure comparability between
data sets.  

Representativeness
Representativeness is defined as the degree to which data accurately and precisely represent the 
frequency distribution of a specific variable in the population. Issues affecting representativeness 
in the sampling design are the number and position of sampling locations relative to each process 
element, the number of samples taken, and the analytes present at each site. Representativeness 
of samples from pipes and tanks is discussed in Section B.3.

Sample quality will be further optimized through proper preparation and handling in accordance 
with the requirements listed in Table B-1.

Table B-1. Sample Collection and Hold Time Requirements for Analytical Measurements

Analyte

Method 
(EPA unless 

otherwise 
cited)

Sample 
Size/Container

Preservative Holding Time
Accuracy Goal (% 

Bias)

Perchlorate 314.0 250 ml Poly None 28 Days 85-115%

Perchlorate* 331.0/332.0 20 ml Poly or Glass Filter 28 Days 80-120%

Nitrate 300.0 250 ml Poly None 48 Hours 85-115%

Sulfate 300.0 250 ml Poly None 28 Days 85-115%

pH SM4500H 250 ml Poly None 3 Days +/- 0.3 s.u.

TDS SM2540C 500 ml Poly None 7 Days 75-125%

TOC SM5310C 250 ml Amber Glass H2SO4 28 Days 75-125%
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Analyte

Method 
(EPA unless 

otherwise 
cited)

Sample 
Size/Container

Preservative Holding Time
Accuracy Goal (% 

Bias)

Chloride 300.0 250 ml Poly None 28 Days 85-115%

Fluoride 300.0 250 ml Poly None 28 Days 85-115%

Title 22 Metals 
(Al, Sb, As, Ba, 
Be, Cd, Cr, Pb, 
Hg, Mo, Ni, Se, 
Ag, Tl, B, V, Zn) 

Plus Major 
Cations (Na, Ca, 
K)

200.7 250 ml Poly HNO3 6 Months 80-120%

Dissolved Fe 200.7 250 ml Poly HNO3 6 Months 80-120%

Dissolved Mn 200.7/200.8 250 ml Poly HNO3 6 Months 80-120%

Dissolved U 200.7/200.8 250 ml Poly HNO3 6 Months 80-120%

Total Fe 200.7 250 ml Poly HNO3 6 Months 80-120%

Total Mn 200.7/200.8 250 ml Poly HNO3 6 Months 80-120%

Total As 200.7/200.8 250 ml Poly HNO3 6 Months 80-120%

Total U 200.8 250 ml Poly HNO3 6 Months 80-120%

VOCs 524.2 3 x 40 ml Glass HCl 
(unchlorinated/r

aw water)

14 Days See method

SVOCs and N/P 
Pesticides

525.2 2 x 1L Amber Glass HCl 
(unchlorinated/r

aw water)

14 Days See method

Nitrosamines 1625M or 
521

2 x 1L Amber Glass None
(unchlorinated/r

aw water)

7 Days 75-125%

Gross Alpha* 900.0 1 L Plastic HNO3 180 Days 80-120%

Radon* SM7500-Rn 
or EPA 
913.0

2 x 40 ml VOA vials None 4 Days 80-120%

Total Acidity SM 2310B 120 ml Plastic None Regulatory=14 days
SM=24 hours/

6 hours if biological 
activity suspected

75-125%

B.7 Performance and Systems Audits

The ARCADIS QA Officer, or their designee, routinely performs audits to ensure that projects 
are performed according to plan and that acquired environmental data is of a known and 
defensible quality. Audits performed by ARCADIS on ARCADIS projects (including co-
performers) are considered internal audits. Audits performed by a third party are considered 
external audits.
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An internal technical systems audit (TSA) for each site (Fontana and Pittsburgh) will be 
performed during the early stages of this demonstration. The QA Officer or her designee will use 
this QAPP and the Demonstration Plan as a basis for the TSA checklist, in addition to the 
standard methods used for sampling and analysis. The purpose of the technical systems audit is 
to ensure that the project is carried out as planned and that any deviations from the methods or 
plan are adequately documented. To reduce costs, the QA Officer may assign a Deputy QA 
Officer from an office located in close proximity to the sampling site to perform the field audit of 
sampling procedures. The Deputy QA Officer will be independent of the project and technically 
qualified to carry out this duty.

Audits and performance evaluation programs by various regional and federal agencies are 
commonly conducted for the laboratories that will analyze project samples (i.e. NELAP, ELCP, 
EPA, COE). If the laboratories selected for the demonstration have not previously or recently 
been audited by ARCADIS, audit reports from these agencies will be reviewed to determine 
whether data produced by the labs will fulfill the objectives of the program. The audit review 
will assess any performance evaluation samples that the contracted analytical laboratory already 
analyzes for other purposes, such as state or federal certifications. Results of project-specific 
performance evaluation samples to be submitted to the primary laboratory (see Section B.4.1)
will also be considered in the review. 

A laboratory audit memorandum will be prepared which will recommend corrective actions or 
procedures to correct any deficiencies identified during the external audits(s), and which will 
make a recommendation as to the necessity of an internal audit. The audit results and discussion 
will be incorporated into progress reports and the final report as appropriate.

Primary Laboratory. The laboratory to be used for the majority of project samples is Weck 
Laboratories of City of Industry, California. Weck participates in a number of required 
proficiency testing (PT) programs and other non-required and special PT programs, including 
NDMA and perchlorate PT studies, client specific blind samples and internal PT samples ordered 
for parameters that are not part of the standard Proficiency Testing programs. Other details of 
Weck’s QA/QC programs are detailed in the QA manual in Appendix D of the Demonstration 
Plan.

Contingency Laboratory.  A separate laboratory, yet to be selected, will be used to analyze 
perchlorate samples by an alternate method. Laboratories under consideration for this position 
are STL of Savannah, Georgia, and WCAS of Santa Fe Springs, California.

Other laboratories to be used include Severn Trent Laboratories (STL) of Sacramento, California 
for NDMA and uranium analysis, and FGL Environmental of Santa Paula, California for radon 
and gross alpha analysis. 

In case Weck is unable to perform, one or more of the secondary laboratories will be utilized 
wherever possible.
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B.8 Quality Assurance Reports

Quality related problems will be addressed in quarterly, on-line progress reports to ESTCP 
prepared by the Project Manager and in annual presentations. Progress reports will detail any 
limitations on the data and any corrective actions that were implemented to resolve the problem. 
Interested parties will thus be aware of these issues, if any arise, before completion of the final 
report.

Any findings, problems, or observations found through internal audits by the QA Officer will be 
reported directly to the Project Manager. Major concerns will be expressed on the day of the 
audit if immediate corrective actions are necessary. The QA Officer will submit an audit report 
to the Project Manager within 15 days of completion of any internal audit.

B.9 Data Format

Four broad classes of data are expected to be collected in this project.

I. The field measurements of drinking water parameters and other field observations
II. Laboratory measurements of water parameters, both perchlorate and various indicators of the 

efficiency of the ion exchange, regeneration and destruction systems
III. Engineering data on the design and operation of treatment system elements
IV. Economic data on each element of the treatment system

Class I Data.  Class I data will be recorded on standardized field forms. These forms will be 
filled out directly, promptly, and legibly in ink. Data entries will be dated and signed. 
Corrections will be made with a single line cross-out and initialed.  Corrections other than 
typographical will include a note specifying the reason. 

Standard chain-of-custody procedures will be followed. Field personnel are responsible for the 
care and custody of the samples collected until they are properly and formally transferred to 
another person or facility. To simplify the chain-of-custody record, as few people as possible 
should handle the sample or physical evidence during the investigation or inspection. Field 
documentation will be completed using waterproof, indelible ink on either pre-printed forms or 
in bound field logbooks.

A chain-of-custody form will be completed for samples to be sent to off-site laboratories. A 
separate chain-of-custody record will be utilized for each final destination or laboratory utilized 
during the investigation. During and at the end of the field work, the field managers and the 
project manager will determine whether these procedures have been adequately followed and/or 
if the collection of additional samples is required to protect the integrity of sample data.
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A field log may also be used to supplement the forms with notes and drawings describing the 
location, field conditions, and method of sample collection and identification. All aspects of 
sample collection and handling as well as visual observations will be documented in bound field 
logbooks with numbered pages or on the standardized forms. Sample collection equipment 
(where appropriate), field analytical equipment, and equipment utilized to make physical 
measurements will be identified in the field logbooks or forms. Calculations, results, and 
calibration data for field sampling, field analytical, and field physical measurement equipment 
will be recorded in the field logbooks or forms. Field analyses and measurements must be 
traceable to the specific piece of field equipment utilized and to the field investigator collecting 
the sample, making the measurement, or performing the analysis.

Entries in field logbooks or the preprinted sampling forms will be dated, be legible, and contain 
accurate and inclusive documentation of an individual’s project activities. Since field records are 
the basis for later written reports, language should be objective, factual, and free of personal 
feelings or other inappropriate terminology. At the end of each day’s activity, or of a particular 
event as appropriate, field documents will be secured by the field manager for each task. Once 
completed, these field logbooks and/or pre-printed forms become accountable documents and 
must be maintained as part of project files. Entry errors will be corrected by drawing a single line 
through the erroneous entry and changing the entry. Entry errors/corrections will be initialed and 
dated.

Class II Data.  Class II data will generally be received in the form of formal reports from the 
analytical laboratories and subcontracted organizations. The nature of these paper reports is 
discussed in more detail in Section B.4.4. ARCADIS anticipates receiving almost all of the 
analytical data on concentrations in the form of electronic deliverables. The subcontracted 
laboratories will be required to submit data in Excel-compatible format. The data can then be 
directly imported into spreadsheets for table preparation. Data formats within Weck Labs are 
discussed in Appendix D of the Demonstration Plan.

Class III Data.  Class III data is of two types: engineering designs and field operating data. 
Engineering designs will be documented in AutoCAD files and printouts with appropriate 
signature blocks indicating the names of the preparer, the reviewer, and senior design 
professionals or project management personnel who have approved it. Field operating data such 
as reagent doses, flow rates and concentrations will be documented on standard forms to be 
developed during the project before the beginning of field operations.

Class IV Data.  Procedures for collection of class IV (economic) data are discussed in Section 
5.1 of the Demonstration Plan.

The predetermined limits for data acceptability are discussed in Section B.3. Should these limits 
be exceeded, corrective action will be taken. Corrective action may be a discussion in a final 
report, recalibration of an instrument, repeat sampling or analysis, etc. Therefore, the judgment 
of the project manager and principal investigator will be important factors in corrective action 
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initiation. Corrective actions will be guided by the relative importance of a given measurement to 
the overall test objectives and the degree to which data quality limits have been exceeded.

Staff members are responsible for reporting any identified quality assurance problems to the 
project manager promptly. The project manager will be responsible for selecting corrective 
action in consultation with the quality assurance officer and principal investigator as appropriate. 
ARCADIS anticipates conducting weekly internal conference calls during the initial weeks of 
operation to ensure that the system is operated optimally and any unforeseen circumstances that 
arise are properly noted and addressed. Quarterly data reviews are also planned.

B.10 Data Storage and Archiving Procedures

Class I Data Storage.  Class I data form originals will be retained in ARCADIS’ Fullerton, 
California office and Calgon’s Pittsburgh, Pennsylvania office. Electronic copies of the forms 
will be forwarded to a central project archive to be maintained in ARCADIS’ Durham, North 
Carolina office. Thus, this data will be stored in both electronic and paper files.

Class II Data Storage.  Class II data pertaining to the ion exchange system will be received in 
paper and electronic formats in ARCADIS’ Durham, North Carolina office. Class II data 
pertaining to the regeneration and destruction systems will be received in paper and electronic 
formats Calgon’s Pittsburgh, Pennsylvania office; electronic copies of the forms will be 
forwarded to the central project archive. Copies of the data will be distributed as needed to staff 
in other project team offices involved in data interpretation. It is also anticipated that the 
analytical laboratories involved will maintain their own copies of this data set for a period of 
years. However, this cannot be relied upon since firms in the analytical laboratory business have 
a history of rapid change.  

Class III Data Storage.  Class III engineering design data will be archived to the central project 
file following preparation. Copies will also be maintained in any office preparing engineering 
designs. Field operating data will be handled in the same manner as Class I data.

Class IV Data Storage.  Class IV data will be archived to the central project file in ARCADIS’ 
Durham, North Carolina office.

Archiving Procedures.  The central hardcopy project archives at ARCADIS’ Durham, North 
Carolina office will be maintained on-site until the final reports are finalized for this project. This 
archive will include data, documentation, records, protocols, reports, and correspondence. The 
archive will be transferred off-site at the completion of the project and stored for at least five 
years in a commercial file storage warehouse operated by Iron Mountain, Inc., 130 Nova Drive, 
Morrisville, North Carolina. The masonry and steel construction of this facility protects from 
most natural and human threat. Iron Mountain is the sole tenant of the facility, thus eliminating 
any conflicts associated with a multi-tenant facility. The facility can only be accessed by card 
key entry. Only those on the authorized list have access to the facility. The facility is monitored 
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24 hours a day, 365 days a year, by Sonitrol Security Systems. They employ the following type 
of security measures: motion, sound, smoke and heat detectors, as well as laser-trigger alarms. 
The facility is protected against fire by an Early Suppression Fast Response (ESFR) 6 ln. central 
sprinkler system. Their operating system for records management is Total Recall by DHS 
Associates, Inc. of Orange Park, Florida. A backup tape for the Iron Mountain Facilities records 
is created daily and sent off-site to a secure vault location to ensure that the data is protected and 
can be restored in the event of an emergency. The property the facility is on has been determined 
by FEMA, as of March 3, 1992, to be located in the 500 year flood plain, Zone X on map 
number 37183CO284E, community number 370242 and 550 feet from the 100 year flood plain.

The central electronic project archive will also be maintained in ARCADIS’ Durham, North 
Carolina office on the central office server. The directory that will be used is accessible only to 
the project manager, system administrator and a small group of the project manager’s direct 
reports. This server is backed up to tape daily by the system administrator, and the tapes are 
maintained for three months. Tapes are stored in an on-site, fireproof cabinet. At the completion 
of this project ARCADIS anticipates placing the primary data tables on CD for ease of storage
and access.

Data Availability Following Key Personnel Changes.  In order to ensure data availability 
following key personnel changes, the project manager will be notified of any change in the 
employment status of that employee either by the employee or their direct supervisor (such as an 
office manager). The project manager will immediately take action as appropriate in conjunction 
with operations management to ensure the integrity and readability of all data. Should the 
transition affect the project manager himself, the principal investigator and quality assurance 
officer will work together to ensure the integrity and readability of all data.
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Appendix C1:  IX Operational Data

Bed Volume Cycle 1: 115 Gallons
Bed Volume Cycle 2: 112 Gallons
Bed Volume Cycle 3: 107 Gallons
Bed Volume Cycle 4: 107 Gallons

Date / Time

Period 
Time 

(Minutes)

Period 
Down-
Time 

(Minutes)

Cumulative 
Run-Time 
(Minutes)

Period 
Up-Time 
Average 

(%)

Up-Time 
Rolling 
Average 

(%)
1/17/07 14:50 -- -- 0 -- --
1/18/07 12:42 1,312 1,312 100% 100%
1/20/07 8:15 2,613 3,925 100% 100%

1/23/07 11:30 4,515 8,440 100% 100%
1/24/07 11:15 1,425 9,865 100% 100%
1/26/07 9:15 2,760 150 12,475 95% 99%

1/31/07 11:20 7,325 120 19,680 98% 99%
2/2/07 9:00 2,740 22,420 100% 99%
2/5/07 11:02 4,442 26,862 100% 99%
2/7/07 9:45 2,803 68 29,597 98% 99%
2/12/07 9:45 7,200 30 36,767 100% 99%
2/14/07 9:45 2,880 40 39,607 99% 99%

2/14/07 12:10 145 39,752 100% 99%
2/16/07 9:00 2,690 42,442 100% 99%

2/16/07 11:43 163 42,605 100% 99%
2/21/07 9:13 7,050 2,873 46,782 59% 93%

2/22/07 12:37 1,644 247 48,179 85% 93%
2/28/07 10:59 8,542 1,430 55,291 83% 92%
3/7/07 10:11 10,032 65,323 100% 93%
3/14/07 9:57 10,066 75,389 100% 94%

3/21/07 10:49 10,132 85,521 100% 95%
3/28/07 10:13 10,044 95,565 100% 95%
3/29/07 10:30 1,457 97,022 100% 95%
4/4/07 10:32 8,642 105,664 100% 96%

4/11/07 10:20 10,068 115,732 100% 96%
4/18/07 9:05 10,005 60 125,677 99% 96%

4/25/07 11:23 10,218 135,895 100% 96%
5/2/07 10:34 10,031 145,926 100% 97%
5/9/07 10:00 10,046 155,972 100% 97%

5/16/07 11:52 10,192 850 165,314 92% 97%
5/23/07 11:24 10,052 175,366 100% 97%
5/30/07 11:08 10,064 185,430 100% 97%
6/8/07 11:08 12,960 198,390 100% 97%



Date / Time

Period 
Time 

(Minutes)

Period 
Down-
Time 

(Minutes)

Cumulative 
Run-Time 
(Minutes)

Period 
Up-Time 
Average 

(%)

Up-Time 
Rolling 
Average 

(%)
8/10/07 16:20 0 0 0 -- --
8/10/07 16:45 25 25 100% 100%
8/20/07 15:00 14,295 14,295 25 0% 0%
8/31/07 9:22 15,502 15,527 100% 52%

8/31/07 13:12 230 15,757 100% 52%
9/4/07 11:01 5,629 21,386 100% 60%
9/5/07 10:16 1,395 22,781 100% 61%
9/6/07 8:18 1,322 24,103 100% 63%
9/7/07 12:56 1,718 25,821 100% 64%

9/10/07 18:44 4,668 30,489 100% 68%
9/12/07 12:55 2,531 33,020 100% 70%
9/14/07 11:27 2,792 35,812 100% 71%
9/17/07 11:56 4,349 40,161 100% 74%
9/18/07 13:04 1,508 41,669 100% 74%
9/19/07 12:45 1,421 43,090 100% 75%
9/21/07 10:50 2,765 45,855 100% 76%
9/24/07 14:20 4,530 50,385 100% 78%
9/26/07 13:55 2,855 1,610 51,630 44% 76%
9/28/07 13:51 2,876 1,769 52,737 38% 75%
10/1/07 14:42 4,371 57,108 100% 76%
10/3/07 12:50 2,768 59,876 100% 77%
10/5/07 12:34 2,864 62,740 100% 78%
10/8/07 11:21 4,247 66,987 100% 79%
10/10/07 15:49 3,148 70,135 100% 80%
10/12/07 9:35 2,506 72,641 100% 80%
10/15/07 13:13 4,538 77,179 100% 81%
10/17/07 13:05 2,872 80,051 100% 82%
10/19/07 9:44 2,679 82,730 100% 82%
10/22/07 12:19 4,475 87,205 100% 83%
10/24/07 13:54 2,975 90,180 100% 84%
10/26/07 13:14 2,840 93,020 100% 84%
10/29/07 13:08 4,314 97,334 100% 85%
10/31/07 11:33 2,785 100,119 100% 85%
11/2/07 10:40 2,827 102,946 100% 85%
11/5/07 10:42 4,322 107,268 100% 86%
11/7/07 9:05 2,783 110,051 100% 86%
11/9/07 7:38 2,793 112,844 100% 86%

11/12/07 13:04 4,646 117,490 100% 87%
11/14/07 12:30 2,846 120,336 100% 87%
11/16/07 12:58 2,908 123,244 100% 87%
11/19/07 11:23 4,225 127,469 100% 88%
11/21/07 11:27 2,884 130,353 100% 88%
11/23/07 12:08 2,921 133,274 100% 88%
11/26/07 11:25 4,277 137,551 100% 89%



Date / Time

Period 
Time 

(Minutes)

Period 
Down-
Time 

(Minutes)

Cumulative 
Run-Time 
(Minutes)

Period 
Up-Time 
Average 

(%)

Up-Time 
Rolling 
Average 

(%)
1/2/08 11:36 0 0 0 -- --
1/2/08 13:47 131 131 100% 100%
1/4/08 10:51 2,704 2,835 100% 100%
1/7/08 13:03 4,452 7,287 100% 100%
1/9/08 12:33 2,850 10,137 100% 100%
1/10/08 7:52 1,159 11,296 100% 100%

1/11/08 12:17 1,705 13,001 100% 100%
1/14/08 14:50 4,473 106 17,368 98% 99%
1/16/08 14:15 2,845 20,213 100% 99%
1/18/08 23:14 3,419 23,632 100% 100%
1/21/08 12:11 3,657 27,289 100% 100%
1/23/08 13:08 2,937 30,226 100% 100%
1/25/08 10:07 2,699 32,925 100% 100%
1/28/08 12:31 4,464 37,389 100% 100%
1/30/08 8:07 2,616 40,005 100% 100%
2/1/08 7:55 2,868 42,873 100% 100%
2/4/08 10:04 4,449 47,322 100% 100%
2/6/08 8:37 2,793 50,115 100% 100%
2/8/08 9:43 2,946 53,061 100% 100%

2/11/08 11:52 4,449 57,510 100% 100%
2/13/08 8:57 2,705 60,215 100% 100%

2/15/08 13:47 3,170 63,385 100% 100%
2/18/08 11:16 4,169 67,554 100% 100%
2/20/08 12:54 2,978 70,532 100% 100%
2/22/08 10:05 2,711 73,243 100% 100%
2/25/08 11:53 4,428 77,671 100% 100%
2/27/08 8:40 2,687 80,358 100% 100%

2/29/08 12:52 3,132 83,490 100% 100%
3/3/08 13:45 4,373 87,863 100% 100%
3/5/08 8:11 2,546 90,409 100% 100%
3/7/08 13:22 3,191 93,600 100% 100%
3/10/08 9:20 4,078 97,678 100% 100%

3/12/08 10:04 2,924 100,602 100% 100%
3/14/08 9:09 2,825 103,427 100% 100%

3/17/08 11:17 4,448 107,875 100% 100%
3/19/08 12:24 2,947 110,822 100% 100%
3/21/08 14:19 2,995 113,817 100% 100%
3/24/08 11:14 4,135 117,952 100% 100%
3/26/08 11:23 2,889 120,841 100% 100%
3/28/08 11:00 2,857 123,698 100% 100%
3/31/08 11:33 4,353 128,051 100% 100%
4/2/08 11:10 2,857 130,908 100% 100%
4/4/08 10:44 2,854 133,762 100% 100%
4/7/08 11:05 4,341 138,103 100% 100%



4/9/08 13:36 3,031 141,134 100% 100%
4/11/08 11:48 2,772 143,906 100% 100%
4/14/08 12:43 4,375 148,281 100% 100%
4/16/08 13:06 2,903 151,184 100% 100%
4/18/08 14:01 2,935 154,119 100% 100%
4/25/08 14:28 10,107 164,226 100% 100%

Date / Time

Period 
Time 

(Minutes)

Period 
Down-
Time 

(Minutes)

Cumulative 
Run-Time 
(Minutes)

Period 
Up-Time 
Average 

(%)

Up-Time 
Rolling 
Average 

(%)
7/24/08 11:30 0 0 0 -- --
7/24/08 12:46 76 76 100% 100%
7/28/08 9:49 5,583 5,659 100% 100%

7/31/08 11:43 4,434 10,093 100% 100%
8/4/08 8:58 5,595 15,688 100% 100%
8/7/08 8:41 4,303 19,991 100% 100%

8/11/08 10:13 5,852 25,843 100% 100%
8/14/08 12:09 4,436 9 30,270 100% 100%
8/18/08 9:51 5,622 35,892 100% 100%

8/21/08 11:42 4,431 40,323 100% 100%
8/25/08 8:22 5,560 45,883 100% 100%

8/28/08 11:26 4,504 50,387 100% 100%
9/2/08 10:46 7,160 57,547 100% 100%
9/4/08 9:35 2,809 60,356 100% 100%
9/11/08 7:18 9,943 70,299 100% 100%

9/18/08 11:53 10,355 80,654 100% 100%
9/25/08 7:02 9,789 90,443 100% 100%
10/2/08 9:27 10,225 100,668 100% 100%

10/9/08 10:08 10,121 110,789 100% 100%
10/16/08 12:45 10,237 6,120 114,906 40% 95%
10/24/08 11:40 11,455 1,440 124,921 87% 94%
10/30/08 9:54 8,534 133,455 100% 95%
11/6/08 9:54 10,080 143,535 100% 95%

11/13/08 10:26 10,112 153,647 100% 95%
11/21/08 11:00 11,554 4,176 161,025 64% 93%
11/25/08 13:39 5,919 5,859 161,085 1% 90%
12/4/08 11:19 12,820 173,905 100% 91%
12/11/08 9:30 9,971 1,440 182,436 86% 91%



Date / Time

Inlet 
Pressure 

(PSI)
Inlet 

Temp (F)

Effluent 
Pressure 

(PSI)
Effluent 
Temp (F)

Operating 
Well

1/17/07 14:50 F-17B
1/18/07 12:42 39 -- 34 -- F-17B
1/20/07 8:15 41 -- 36 -- F-17B
1/23/07 11:30 41 -- 35 -- F-17B
1/24/07 11:15 41 -- 34 -- F-17B
1/26/07 9:15 40 -- 34 -- F-17B
1/31/07 11:20 38 -- 35 -- F-17B
2/2/07 9:00 40 74.3 34 75.2 F-17B
2/5/07 11:02 38 75.5 21 75.5 F-17B
2/7/07 9:45 38 73.4 32 75.5 F-17B
2/12/07 9:45 39 69.4 34 71.0 F-17B
2/14/07 9:45 38 75.9 34 74.3 F-17B
2/14/07 12:10 38 75.9 34 74.3 F-17B
2/16/07 9:00 38 74.3 32 77.1 F-17B
2/16/07 11:43 38 74.3 32 77.1 F-17B
2/21/07 9:13 -- -- -- -- F-17B
2/22/07 12:37 40 -- 34 -- F-17B
2/28/07 10:59 40 73.5 34 71.5 F-17B
3/7/07 10:11 40 74.6 33 74.8 F-17B
3/14/07 9:57 38 75.2 32 75.9 F-17B
3/21/07 10:49 38 72.8 32 73.5 F-17B
3/28/07 10:13 38 -- 32 -- F-17B
3/29/07 10:30 34 -- 26 -- F-17B
4/4/07 10:32 49 75.2 46 77.7 F-17B / F-17C
4/11/07 10:20 50 76.1 42 74.8 F-17B / F-17C
4/18/07 9:05 50 72.6 43 72.5 F-17B / F-17C
4/25/07 11:23 50 77.1 42 77.3 F-17B / F-17C
5/2/07 10:34 53 76.1 44 76.6 F-17B / F-17C
5/9/07 10:00 54 -- 44 -- F-17B / F-17C
5/16/07 11:52 53 75.3 45 75.0 F-17B / F-17C
5/23/07 11:24 54 75.7 44 77.3 F-17B / F-17C
5/30/07 11:08 51 76.4 42 76.8 F-17B / F-17C
6/8/07 11:08 50 -- 42 -- F-17B / F-17C



Date / Time

Inlet 
Pressure 

(PSI)
Inlet 

Temp (F)

Effluent 
Pressure 

(PSI)
Effluent 
Temp (F)

Operating 
Well

8/10/07 16:20 F-17B / F-17C
8/10/07 16:45 F-17B / F-17C
8/20/07 15:00 F-17B / F-17C
8/31/07 9:22 48 80.0 40 79.3 F-17B / F-17C
8/31/07 13:12 48 80.0 40 79.3 F-17B / F-17C
9/4/07 11:01 49 79.5 40 78.8 F-17B / F-17C
9/5/07 10:16 50 77.3 42 77.5 F-17B / F-17C
9/6/07 8:18 49 73.2 42 73.9 F-17B / F-17C
9/7/07 12:56 49 76.6 42 77.1 F-17B / F-17C
9/10/07 18:44 47 75.9 40 75.9 F-17B / F-17C
9/12/07 12:55 48 76.6 39 77.5 F-17B / F-17C
9/14/07 11:27 50 76.1 42 76.3 F-17B / F-17C
9/17/07 11:56 50 74.8 41 75.3 F-17B / F-17C
9/18/07 13:04 49 75.2 42 75.3 F-17B / F-17C
9/19/07 12:45 49 74.3 42 74.3 F-17B / F-17C
9/21/07 10:50 49 74.4 42 75.3 F-17B / F-17C
9/24/07 14:20 48 75.2 39 76.1 F-17B / F-17C
9/26/07 13:55 48 76.6 38 77.1 F-17B / F-17C
9/28/07 13:51 49 73.9 40 74.3 F-17B / F-17C
10/1/07 14:42 49 76.2 40 76.8 F-17B / F-17C
10/3/07 12:50 49 76.1 40 77.3 F-17B / F-17C
10/5/07 12:34 49 73.7 41 74.1 F-17B / F-17C
10/8/07 11:21 50 75.7 40 76.1 F-17B / F-17C
10/10/07 15:49 50 74.4 40 74.8 F-17B / F-17C
10/12/07 9:35 50 73.7 42 74.4 F-17B / F-17C
10/15/07 13:13 50 73.2 41 74.1 F-17B / F-17C
10/17/07 13:05 50 74.6 40 74.8 F-17B / F-17C
10/19/07 9:44 50 76.2 40 77.5 F-17B / F-17C
10/22/07 12:19 51 74.6 41 74.4 F-17B / F-17C
10/24/07 13:54 51 77.0 40 77.1 F-17B / F-17C
10/26/07 13:14 51 76.0 40 76.2 F-17B / F-17C
10/29/07 13:08 51 75.2 40 75.5 F-17B / F-17C
10/31/07 11:33 52 75.3 40 75.5 F-17B / F-17C
11/2/07 10:40 53 74.8 8 75.2 F-17B / F-17C
11/5/07 10:42 55 74.3 45 74.1 F-17B / F-17C
11/7/07 9:05 54 74.6 43 74.8 F-17C
11/9/07 7:38 53 70.5 48 72.1 F-17C

11/12/07 13:04 55 75.3 43 75.7 F-17C
11/14/07 12:30 54 75.7 46 76.8 F-17C
11/16/07 12:58 55 74.4 46 75.2 F-17C
11/19/07 11:23 55 74.6 43 74.8 F-17C
11/21/07 11:27 52 73.5 43 74.1 F-17C
11/23/07 12:08 52 73.5 43 73.9 F-17C
11/26/07 11:25 52 73.9 42 74.3 F-17C



Date / Time

Inlet 
Pressure 

(PSI)

Inlet 
Temp 

(F)

Effluent 
Pressure 

(PSI)
Effluent 
Temp (F)

Operating 
Well

1/2/08 11:36 F-17C
1/2/08 13:47 >30.0 75.9 20 75.8 F-17C
1/4/08 10:51 >30.0 70.1 30 73.0 F-17C
1/7/08 13:03 >30.0 73.2 30 73.5 F-17C
1/9/08 12:33 >30.0 70.3 30 73.2 F-17C
1/10/08 7:52 >30.0 -- 31 -- F-17C

1/11/08 12:17 >30.0 75.2 30 74.6 F-17C
1/14/08 14:50 >30.0 75.0 30 74.7 F-17C
1/16/08 14:15 >30.0 71.7 30 71.9 F-17C
1/18/08 23:14 >30.0 71.6 30 72.8 F-17C
1/21/08 12:11 >30.0 70.7 30 72.3 F-17C
1/23/08 13:08 >30.0 71.6 30 72.1 F-17C
1/25/08 10:07 >30.0 72.6 31 73.2 F-17C
1/28/08 12:31 >30.0 71.0 30 72.5 F-17C
1/30/08 8:07 >30.0 66.9 31 72.1 F-17C
2/1/08 7:55 >30.0 67.6 31 71.7 F-17C
2/4/08 10:04 >30.0 73.7 31 73.5 F-17C
2/6/08 8:37 >30.0 69.0 31 72.6 F-17C
2/8/08 9:43 >30.0 74.3 30 74.3 F-17C

2/11/08 11:52 >30.0 75.0 30 75.5 F-17C
2/13/08 8:57 >30.0 74.3 36 74.6 F-17C

2/15/08 13:47 >30.0 74.6 36 74.8 F-17C
2/18/08 11:16 >30.0 73.2 36 73.5 F-17C
2/20/08 12:54 >30.0 69.6 37 70.8 F-17C
2/22/08 10:05 >30.0 72.1 37 73.2 F-17C
2/25/08 11:53 >30.0 74.6 37 74.4 F-17C
2/27/08 8:40 >30.0 78.8 36 76.6 F-17C

2/29/08 12:52 >30.0 75.0 36 75.4 F-17C
3/3/08 13:45 >30.0 75.9 36 78.2 F-17C
3/5/08 8:11 >30.0 70.5 36 73.5 F-17C
3/7/08 13:22 >30.0 77.2 35 77.3 F-17C
3/10/08 9:20 >30.0 73.7 36 74.4 F-17C

3/12/08 10:04 >30.0 75.0 36 74.3 F-17C
3/14/08 9:09 >30.0 69.8 38 72.3 F-17C

3/17/08 11:17 >30.0 73.2 6 71.7 F-17C
3/19/08 12:24 >30.0 75.0 36 74.4 F-17C
3/21/08 14:19 >30.0 76.8 35 78.0 F-17C
3/24/08 11:14 >30.0 75.3 34 75.2 F-17C
3/26/08 11:23 >30.0 74.4 36 74.8 F-17C
3/28/08 11:00 >30.0 74.3 36 74.3 F-17C
3/31/08 11:33 >30.0 73.4 36 74.1 F-17C
4/2/08 11:10 >30.0 72.6 38 73.0 F-17C
4/4/08 10:44 >30.0 74.4 36 74.4 F-17C
4/7/08 11:05 >30.0 73.9 36 73.9 F-17C



4/9/08 13:36 >30.0 74.1 36 74.6 F-17C
4/11/08 11:48 >30.0 74.8 35 75.5 F-17C
4/14/08 12:43 >30.0 76.1 30 76.1 F-17C
4/16/08 13:06 >30.0 -- 31 -- F-17C
4/18/08 14:01 >30.0 77.5 80 77.9 F-17C
4/25/08 14:28 >30.0 77.7 78 76.8 F-17C

Date / Time

Inlet 
Pressure 

(PSI)

Inlet 
Temp 

(F)

Effluent 
Pressure 

(PSI)
Effluent 
Temp (F)

Operating 
Well

7/24/08 11:30 F-17C
7/24/08 12:46 >30.0 75.3 40 76.2 F-17C
7/28/08 9:49 >30.0 74.8 40 74.4 F-17C

7/31/08 11:43 >30.0 75.9 36 76.1 F-17C
8/4/08 8:58 >30.0 77.7 36 76.6 F-17C
8/7/08 8:41 >30.0 76.6 34 76.9 F-17C

8/11/08 10:13 >30.0 77.1 34 76.4 F-17C
8/14/08 12:09 >30.0 77.0 33 77.5 F-17C
8/18/08 9:51 45 77.1 34 76.8 F-17C

8/21/08 11:42 45 77.5 34 77.3 F-17C
8/25/08 8:22 45 77.9 33 78.2 F-17C

8/28/08 11:26 45 77.5 33 77.5 F-17C
9/2/08 10:46 44 77.5 33 77.3 F-17C
9/4/08 9:35 44 77.1 33 76.8 F-17C
9/11/08 7:18 46 72.3 34 73.4 F-17C

9/18/08 11:53 44 78.6 32 78.0 F-17C
9/25/08 7:02 46 73.2 34 73.9 F-17C
10/2/08 9:27 44 77.1 32 77.3 F-17C

10/9/08 10:08 44 77.7 32 77.5 F-17C
10/16/08 12:45 0 N/A 0 N/A None
10/24/08 11:40 43 77.9 32 78.2 F-17B
10/30/08 9:54 44 77.0 32 76.6 F-17B
11/6/08 9:54 43 76.6 32 75.5 F-17B

11/13/08 10:26 44 78.0 32 76.8 F-17B
11/21/08 11:00 0 N/A 0 N/A F-17B
11/25/08 13:39 44 75.5 31 74.8 F-17B
12/4/08 11:19 45 74.6 34 74.3 F-17B
12/11/08 9:30 0 N/A 0 N/A F-17B



Date / Time

Meter 
Volume 

(Gallons)

Meter 
Volume 
Treated 

(Gallons)

Meter 
Volume 
Treated 
(BVs)

Meter 
Flow 
Rate 

(GPM)

Period 
Meter 
Flow 
Rate 

(GPM)

Average 
Meter 
Flow 
Rate 

(GPM)
1/17/07 14:50 3,500 0 0 130.0 -- --
1/18/07 12:42 181,871 178,371 1,551 152.6 136.0 136.0
1/20/07 8:15 577,755 574,255 4,994 154.3 151.5 146.3

1/23/07 11:30 1,238,500 1,235,000 10,739 136.0 146.3 146.3
1/24/07 11:15 1,453,325 1,449,825 12,607 150.1 150.8 147.0
1/26/07 9:15 1,851,369 1,847,869 16,068 150.2 152.5 148.1

1/31/07 11:20 2,905,105 2,901,605 25,231 142.4 146.3 147.4
2/2/07 9:00 3,308,885 3,305,385 28,742 148.0 147.4 147.4
2/5/07 11:02 3,967,346 3,963,846 34,468 155.2 148.2 147.6
2/7/07 9:45 4,393,357 4,389,857 38,173 149.2 155.8 148.3
2/12/07 9:45 5,446,050 5,442,550 47,327 150.5 146.8 148.0
2/14/07 9:45 5,865,483 5,861,983 50,974 149.3 147.7 148.0

2/14/07 12:10 5,886,750 5,883,250 51,159 149.3 146.7 148.0
2/16/07 9:00 6,288,517 6,285,017 54,652 147.2 149.4 148.1

2/16/07 11:43 6,313,195 6,309,695 54,867 150.0 151.4 148.1
2/21/07 9:13 6,930,663 6,927,163 60,236 -- 147.8 148.1

2/22/07 12:37 7,143,164 7,139,664 62,084 152.6 152.1 148.2
2/28/07 10:59 8,197,073 8,193,573 71,248 150.0 148.2 148.2
3/7/07 10:11 9,670,349 9,666,849 84,060 144.6 146.9 148.0
3/14/07 9:57 11,122,738 11,119,238 96,689 151.0 144.3 147.5

3/21/07 10:49 12,647,778 12,644,278 109,950 150.5 150.5 147.8
3/28/07 10:13 14,116,204 14,112,704 122,719 150.2 146.2 147.7
3/29/07 10:30 14,345,767 14,342,267 124,715 155.7 157.6 147.8
4/4/07 10:32 15,774,199 15,770,699 137,137 150.1 165.3 149.3

4/11/07 10:20 17,387,961 17,384,461 151,169 160.6 160.3 150.2
4/18/07 9:05 18,960,735 18,957,235 164,846 160.3 158.1 150.8

4/25/07 11:23 20,575,899 20,572,399 178,890 160.2 158.1 151.4
5/2/07 10:34 22,222,931 22,219,431 193,212 160.8 164.2 152.3
5/9/07 10:00 23,870,775 23,867,275 207,542 168.6 164.0 153.0

5/16/07 11:52 25,285,739 25,282,239 219,846 157.0 151.5 152.9
5/23/07 11:24 26,929,894 26,926,394 234,143 165.2 163.6 153.5
5/30/07 11:08 28,651,794 28,648,294 249,116 173.1 171.1 154.5
6/8/07 11:08 30,819,688 30,816,188 267,967 168.4 167.3 155.3



Date / Time

Meter 
Volume

(Gallons)

Meter 
Volume 
Treated 

(Gallons)

Meter 
Volume 
Treated 
(BVs)

Meter 
Flow 
Rate 

(GPM)

Period 
Meter 
Flow 
Rate 

(GPM)

Average 
Meter 
Flow 
Rate 

(GPM)
8/10/07 16:20 30,819,972 30,816,472 0 100.0 -- --
8/10/07 16:45 30,822,413 2,441 22 100.0 97.6 97.6
8/20/07 15:00 30,822,413 2,441 22 150.0 0.0 97.6
8/31/07 9:22 33,051,197 2,231,225 19,922 163.9 143.8 143.7
8/31/07 13:12 33,088,225 2,268,253 20,252 158.8 161.0 144.0
9/4/07 11:01 33,989,484 3,169,512 28,299 162.1 160.1 148.2
9/5/07 10:16 34,212,999 3,393,027 30,295 160.4 160.2 148.9
9/6/07 8:18 34,425,256 3,605,284 32,190 158.3 160.6 149.6
9/7/07 12:56 34,685,699 3,865,727 34,515 152.3 151.6 149.7
9/10/07 18:44 35,345,977 4,526,005 40,411 160.0 141.4 148.4
9/12/07 12:55 35,856,607 5,036,635 44,970 167.8 201.8 152.5
9/14/07 11:27 36,298,756 5,478,784 48,918 156.3 158.4 153.0
9/17/07 11:56 36,997,618 6,177,646 55,158 161.0 160.7 153.8
9/18/07 13:04 37,236,935 6,416,963 57,294 153.6 158.7 154.0
9/19/07 12:45 37,452,398 6,632,426 59,218 152.0 151.6 153.9
9/21/07 10:50 37,873,389 7,053,417 62,977 153.0 152.3 153.8
9/24/07 14:20 38,615,290 7,795,318 69,601 163.5 163.8 154.7
9/26/07 13:55 38,817,630 7,997,658 71,408 160.1 162.5 154.9
9/28/07 13:51 38,892,418 8,072,446 72,075 177.1 67.6 153.1
10/1/07 14:42 39,658,495 8,838,523 78,915 174.4 175.3 154.8
10/3/07 12:50 40,142,591 9,322,619 83,238 175.5 174.9 155.7
10/5/07 12:34 40,643,431 9,823,459 87,709 174.6 174.9 156.6
10/8/07 11:21 41,388,249 10,568,277 94,360 175.2 175.4 157.8
10/10/07 15:49 41,941,059 11,121,087 99,295 175.8 175.6 158.6
10/12/07 9:35 42,382,237 11,562,265 103,235 176.7 176.0 159.2
10/15/07 13:13 43,184,074 12,364,102 110,394 176.7 176.7 160.2
10/17/07 13:05 43,691,975 12,872,003 114,929 176.7 176.8 160.8
10/19/07 9:44 44,165,917 13,345,945 119,160 176.5 176.9 161.3
10/22/07 12:19 44,961,995 14,142,023 126,268 180.1 177.9 162.2
10/24/07 13:54 45,508,498 14,688,526 131,148 181.2 183.7 162.9
10/26/07 13:14 46,027,769 15,207,797 135,784 180.0 182.8 163.5
10/29/07 13:08 46,814,342 15,994,370 142,807 182.5 182.3 164.3
10/31/07 11:33 47,322,709 16,502,737 147,346 184.1 182.5 164.8
11/2/07 10:40 47,851,823 17,031,851 152,070 190.2 187.2 165.4
11/5/07 10:42 48,641,085 17,821,113 159,117 183.7 182.6 166.1
11/7/07 9:05 49,064,325 18,244,353 162,896 150.9 152.1 165.8
11/9/07 7:38 49,497,052 18,677,080 166,760 142.9 154.9 165.5

11/12/07 13:04 50,211,179 19,391,207 173,136 153.8 153.7 165.0
11/14/07 12:30 50,649,561 19,829,589 177,050 153.2 154.0 164.8
11/16/07 12:58 51,097,573 20,277,601 181,050 155.4 154.1 164.5
11/19/07 11:23 51,737,570 20,917,598 186,764 152.7 151.5 164.1
11/21/07 11:27 52,223,557 21,403,585 191,103 168.3 168.5 164.2
11/23/07 12:08 52,713,266 21,893,294 195,476 170.1 167.7 164.3
11/26/07 11:25 53,437,429 22,617,457 201,942 169.7 169.3 164.4



Date / Time

Meter 
Volume 

(Gallons)

Meter 
Volume 
Treated 

(Gallons)

Meter 
Volume 
Treated 
(BVs)
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Flow 
Rate 
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Period 
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Flow 
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(GPM)
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Meter 
Flow 
Rate 

(GPM)
1/2/08 11:36 53,451,580 22,631,608 0 194.2 -- --
1/2/08 13:47 53,477,099 25,519 238 194.2 194.8 194.8
1/4/08 10:51 53,963,490 511,910 4,784 177.0 179.9 180.6
1/7/08 13:03 54,757,088 1,305,508 12,201 180.1 178.3 179.2
1/9/08 12:33 55,269,633 1,818,053 16,991 180.5 179.8 179.3
1/10/08 7:52 55,477,717 2,026,137 18,936 178.9 179.5 179.4
1/11/08 12:17 55,782,608 2,331,028 21,785 176.0 178.8 179.3
1/14/08 14:50 56,552,789 3,101,209 28,983 178.0 176.4 178.6
1/16/08 14:15 57,055,293 3,603,713 33,680 174.9 176.6 178.3
1/18/08 23:14 57,530,098 4,078,518 38,117 175.0 138.9 172.6
1/21/08 12:11 58,299,606 4,848,026 45,309 175.3 210.4 177.7
1/23/08 13:08 58,816,485 5,364,905 50,139 177.6 176.0 177.5
1/25/08 10:07 59,295,449 5,843,869 54,616 178.4 177.5 177.5
1/28/08 12:31 60,084,950 6,633,370 61,994 176.4 176.9 177.4
1/30/08 8:07 60,546,154 7,094,574 66,304 178.0 176.3 177.3
2/1/08 7:55 61,056,514 7,604,934 71,074 175.9 177.9 177.4
2/4/08 10:04 61,846,550 8,394,970 78,458 178.3 177.6 177.4
2/6/08 8:37 62,339,680 8,888,100 83,066 177.2 176.6 177.4
2/8/08 9:43 62,861,482 9,409,902 87,943 175.4 177.1 177.3

2/11/08 11:52 63,652,454 10,200,874 95,335 183.6 177.8 177.4
2/13/08 8:57 64,162,254 10,710,674 100,100 188.2 188.5 177.9
2/15/08 13:47 64,733,418 11,281,838 105,438 178.2 180.2 178.0
2/18/08 11:16 65,488,412 12,036,832 112,494 180.1 181.1 178.2
2/20/08 12:54 66,022,714 12,571,134 117,487 180.7 179.4 178.2
2/22/08 10:05 66,509,392 13,057,812 122,036 180.2 179.5 178.3
2/25/08 11:53 67,308,451 13,856,871 129,503 179.8 180.5 178.4
2/27/08 8:40 67,792,544 14,340,964 134,028 179.7 180.2 178.5
2/29/08 12:52 68,353,525 14,901,945 139,271 180.1 179.1 178.5
3/3/08 13:45 69,141,915 15,690,335 146,639 178.4 180.3 178.6
3/5/08 8:11 69,596,794 16,145,214 150,890 179.7 178.7 178.6
3/7/08 13:22 70,164,242 16,712,662 156,193 179.6 177.8 178.6
3/10/08 9:20 70,885,583 17,434,003 162,935 177.5 176.9 178.5
3/12/08 10:04 71,407,942 17,956,362 167,816 175.1 178.6 178.5
3/14/08 9:09 71,912,232 18,460,652 172,529 175.3 178.5 178.5
3/17/08 11:17 72,707,155 19,255,575 179,959 178.6 178.7 178.5
3/19/08 12:24 73,233,240 19,781,660 184,875 179.8 178.5 178.5
3/21/08 14:19 73,770,687 20,319,107 189,898 177.7 179.4 178.5
3/24/08 11:14 74,509,699 21,058,119 196,805 177.9 178.7 178.5
3/26/08 11:23 75,040,644 21,589,064 201,767 180.8 183.8 178.7
3/28/08 11:00 75,566,455 22,114,875 206,681 183.5 184.0 178.8
3/31/08 11:33 76,367,934 22,916,354 214,172 185.6 184.1 179.0
4/2/08 11:10 76,888,900 23,437,320 219,040 178.8 182.3 179.0
4/4/08 10:44 77,373,018 23,921,438 223,565 175.9 169.6 178.8
4/7/08 11:05 78,105,997 24,654,417 230,415 168.4 168.9 178.5



4/9/08 13:36 78,621,470 25,169,890 235,233 170.5 170.1 178.3
4/11/08 11:48 79,094,806 25,643,226 239,656 171.0 170.8 178.2
4/14/08 12:43 79,841,964 26,390,384 246,639 169.3 170.8 178.0
4/16/08 13:06 80,362,109 26,910,529 251,500 176.5 179.2 178.0
4/18/08 14:01 80,852,936 27,401,356 256,087 165.0 167.2 177.8
4/25/08 14:28 80,959,430 27,507,850 257,083 19.0 10.5 167.5

Date / Time
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7/24/08 11:30 82,527,757 29,076,177 0 175.6 -- --
7/24/08 12:46 82,540,978 13,221 124 175.6 174.0 174.0
7/28/08 9:49 83,498,574 970,817 9,073 162.3 171.5 171.6
7/31/08 11:43 84,293,595 1,765,838 16,503 181.1 179.3 175.0
8/4/08 8:58 85,261,429 2,733,672 25,548 172.6 173.0 174.3
8/7/08 8:41 86,013,314 3,485,557 32,575 173.5 174.7 174.4

8/11/08 10:13 87,037,697 4,509,940 42,149 175.3 175.0 174.5
8/14/08 12:09 87,815,064 5,287,307 49,414 175.4 175.6 174.7
8/18/08 9:51 88,799,496 6,271,739 58,614 175.2 175.1 174.7
8/21/08 11:42 89,578,254 7,050,497 65,892 175.6 175.8 174.9
8/25/08 8:22 90,553,869 8,026,112 75,010 174.9 175.5 174.9
8/28/08 11:26 91,344,971 8,817,214 82,404 175.6 175.6 175.0
9/2/08 10:46 92,603,053 10,075,296 94,162 175.0 175.7 175.1
9/4/08 9:35 93,096,479 10,568,722 98,773 169.5 175.7 175.1
9/11/08 7:18 94,878,100 12,350,343 115,424 173.7 179.2 175.7
9/18/08 11:53 96,682,357 14,154,600 132,286 176.8 174.2 175.5
9/25/08 7:02 98,390,494 15,862,737 148,250 171.8 174.5 175.4
10/2/08 9:27 100,160,725 17,632,968 164,794 174.2 173.1 175.2
10/9/08 10:08 101,916,988 19,389,231 181,208 173.7 173.5 175.0
10/16/08 12:45 102,625,484 20,097,727 187,829 0.0 172.1 174.9
10/24/08 11:40 104,365,708 21,837,951 204,093 176.8 173.8 174.8
10/30/08 9:54 105,895,937 23,368,180 218,394 176.5 179.3 175.1
11/6/08 9:54 107,633,800 25,106,043 234,636 175.4 172.4 174.9

11/13/08 10:26 109,398,962 26,871,205 251,133 175.9 174.6 174.9
11/21/08 11:00 110,712,391 28,184,634 263,408 0.0 178.0 175.0
11/25/08 13:39 110,722,681 28,194,924 263,504 177.1 171.5 175.0
12/4/08 11:19 112,978,225 30,450,468 284,584 175.3 175.9 175.1
12/11/08 9:30 114,476,720 31,948,963 298,588 0.0 175.7 175.1



Date / Time Comments
1/17/07 14:50
1/18/07 12:42 System Startup, NDMA sampling, Monthly sampling
1/20/07 8:15 Set backpressure regulator.  Set pre-filter backwash at 10 PSID
1/23/07 11:30 Adjusted flow-rate to 150 GPM.  Reset pre-filter backwash set point to 7 PSID
1/24/07 11:15 Weekly sampling, adjusted flow rate
1/26/07 9:15 F-17B Nitrate 31.8 mg/L
1/31/07 11:20 Performed every-other week sampling
2/2/07 9:00 Increased flow rate form 148 to 150 GPM.  F-17B Nitrate 32.0 mg/L
2/5/07 11:02 F-17B Nitrate 32.3 mg/L
2/7/07 9:45 No air at top of IX vessel
2/12/07 9:45 Decreased system flow rate.  F-17B Nitrate 30.8
2/14/07 9:45 Performed every-other week sampling
2/14/07 12:10 Volume at time of Sampling
2/16/07 9:00 F-17B Nitrate 32.2 mg/L
2/16/07 11:43
2/21/07 9:13 FWC Treatment system down since 8:20 2/19/07
2/22/07 12:37 Performed monthly sampling.  System shut off at 14:47 because of nitrate spike.

2/28/07 10:59
Performed every-other week sampling with duplicates and blanks.  F-17B Nitrate 31.7 
mg/L

3/7/07 10:11 Performed weekly sampling, manually backwashed pre-filter.  F-17B Nitrate 32.2 mg/L

3/14/07 9:57
Performed every-other week sampling, manually backwashed pre-filter.  F-17B Nitrate 
33.7 mg/L

3/21/07 10:49 Performed monthly sampling.  Nitrate (mg/L):  F-17B @ 34.7, F-17C @ 31.7
3/28/07 10:13 Performed every-other week sampling, manually backwashed pre-filter
3/29/07 10:30 Manually backwashed pre-filter, adjusted flow rate

4/4/07 10:32
Performed weekly sampling, manually backwashed pre-filter.  Nitrate (mg/L):  F-17B @ 
35.5, F-17C @ 32.3

4/11/07 10:20
Performed every-other week sampling, manually backwashed pre-filter.  Nitrate (mg/L):  
F-17B @ 35.6, F-17C @ 32.3

4/18/07 9:05
Performed weekly sampling, backwashed pre-filter.  Nitrate (mg/L):  F-17B @ 35.7, F-
17C @ 32.2

4/25/07 11:23
Performed every-week sampling with duplicates and trip blanks.  Nitrate (mg/L):  F-17B 
@ 36.1, F-17C @ 32.6

5/2/07 10:34
Performed weekly sampling, backwashed pre-filter.  Nitrate (mg/L):  F-17B @ 36.1, F-
17C @ 32.7

5/9/07 10:00 Performed every-other week sampling, backwashed pre-filter.
5/16/07 11:52 Performed weekly sampling, backwashed pre-filter, reset pre-filter DP alarm

5/23/07 11:24
Performed monthly and every-other week sampling.  Nitrate (mg/L):  F-17B @ 32.0, F-
17C @ 33.7

5/30/07 11:08
Performed weekly sampling, backwashed pre-filter, adjusted flor rate.  Nitrate (mg/L):  
F-17B @ 32.1, F-17C @ 33.9

6/8/07 11:08
Performed every-other week sampling, backwashed pre-filter, shut system off pending 
shipment to Calgon



Date / Time Comments
8/10/07 16:20 Re-started IX system.  Collected start-up samples
8/10/07 16:45 Shut down system because of major hose leak
8/20/07 15:00 Repaired hose leak.  Restarted IX system
8/31/07 9:22 Performed weekly sampling, including total and dissolved iron

8/31/07 13:12 Confirm flow rate setting
9/4/07 11:01 Monitored system.  Nitrate (mg/L):  F-17B @ 38.5, F-17C @ 36.8

9/5/07 10:16
Performed every-other week sampling, including total and dissolved iron.  Nitrate 
(mg/L):  F-17B @ 36.8, F-17C @ 38.5

9/6/07 8:18 Monitored system.  Nitrate (mg/L):  F-17B @ 36.9, F-17C @ 35.2
9/7/07 12:56 Monitored system.  Nitrate (mg/L):  F-17B @ 37.3, F-17C @ 32.2

9/10/07 18:44 Monitored system.  Nitrate (mg/L):  F-17B @ 36.9, F-17C @ 33.2

9/12/07 12:55
Performed weekly monitoring, including total and dissolved iron.  Nitrate (mg/L):  F-
17B @ 37.5, F-17C @ 33.1

9/14/07 11:27 Monitored system.  Nitrate (mg/L):  F-17B @ 36.9, F-17C @ 33.2
9/17/07 11:56 Monitored system.  Nitrate (mg/L):  F-17B @ 38.0, F-17C @ 32.8
9/18/07 13:04 Monitored system.  Nitrate (mg/L):  F-17B @ 38.2, F-17C @ 36.5

9/19/07 12:45
Performed monthly and every-other week sampling.  Nitrate (mg/L):  F-17B @ 38.3, 
F-17C @ 36.5

9/21/07 10:50
Monitored system.  Increased flowrate from 153.0 GPM to 160.2 GPM.  Nitrate 
(mg/L):  F-17B @ 36.2, F-17C @ 36.8

9/24/07 14:20 Monitored system.  Nitrate (mg/L):  F-17B @ 37.5, F-17C @ 37.4

9/26/07 13:55
Re-Started system.  Performed weekly monitoring.  Nitrate (mg/L):  F-17B @ 36.9,
F-17C @ 37.2

9/28/07 13:51 Re-started and monitored system.  Nitrate (mg/L):  F-17B @ 36.3, F-17C @ 36.7
10/1/07 14:42 Monitored system.  Nitrate (mg/L):  F-17B @ 37.0, F-17C @ 37.0

10/3/07 12:50
Performed every-other week monitoring.  Nitrate (mg/L): F-17B @ 36.6, F-17C @ 
36.6

10/5/07 12:34 Monitored system.  Nitrate (mg/L):  F-17B @ 36.8, F-17C @ 37.0
10/8/07 11:21 Monitored system.  Nitrate (mg/L):  F-17B @ 37.0, F-17C @ 36.7
10/10/07 15:49 Performed weekly monitoring.  Nitrate (mg/L):  F-17B @ 36.8, F-17C @ 36.6
10/12/07 9:35 Monitored system.  Nitrate (mg/L):  F-17B @ 36.8, F-17C @ 36.3
10/15/07 13:13 Monitored system.  Nitrate (mg/L):  F-17B @ 36.5, F-17C @ 36.6
10/17/07 13:05 Performed monthly monitoring.  Nitrate (mg/L):  F-17B @ 36.6, F-17C @ 36.6

10/19/07 9:44
Monitored system.  Obtained TDS MS/MSD sample.  Obtained radon samples.  
Nitrate (mg/L):  F-17B @ 36.8, F-17C @ 37.1

10/22/07 12:19 Monitored system.  Nitrate (mg/L):  F-17B @ 37.5, F-17C @ 36.7
10/24/07 13:54 Performed weekly monitoring.  Nitrate (mg/L):  F-17B @ 37.4, F-17C @ 37.7
10/26/07 13:14 Monitored system.  Nitrate (mg/L):  F-17B @ 36.7, F-17C @ 38.3
10/29/07 13:08 Monitored system.  Nitrate (mg/L):  F-17B @ 37.0, F-17C @ 38.3

10/31/07 11:33
Performed every-other week monitoring.  Nitrate (mg/L):  F-17B @ 37.0, F-17C @ 
38.1

11/2/07 10:40
Monitored system.  Reduced flow rate from 190.2 to 179.0 GPM.  Nitrate (mg/L):  F-
17B @ 37.0, F-17C @ 35.4

11/5/07 10:42
Monitored system.  Reduced flow rate from 183.7 to 175.0 GPM.  Nitrate (mg/L):  F-
17B @ 37.0, F-17C @ 35.0

11/7/07 9:05 Monitored system.  Nitrate (mg/L):  F-17C @ 35.5
11/9/07 7:38 Performed weekly monitoring.  Nitrate (mg/L):  F-17C @ 38.2



11/12/07 13:04 Monitored system.  Nitrate (mg/L):  F-17C @ 38.1
11/14/07 12:30 Performed monthly monitoring.  Nitrate (mg/L):  F-17C @ 37.9
11/16/07 12:58 Monitored system.  Nitrate (mg/L):  F-17C @ 37.7

11/19/07 11:23
Monitored system.  Increased flow rate from 152.7 to 167.0 GPM.  Nitrate (mg/L):  F-
17C @ 37.6

11/21/07 11:27 Monitored system.  Nitrate (mg/L):  F-17C @ 37.3
11/23/07 12:08 Monitored system.  Nitrate (mg/L):  F-17C @ 37.3
11/26/07 11:25 Start dismantling IX @ 12:28.  Nitrate (mg/L):  F-17C @ 37.3  

Date / Time Comments
1/2/08 11:36 Re-started IX system.  Collected start-up samples.  Nitrate (mg/L):  F-17C @ 37.3
1/2/08 13:47 Water coming out of top of IX vessel.  Change flow rate to 175.0 GPM

1/4/08 10:51
Collected VOC samples.  Water coming out of top of IX vessel.  Nitrate (mg/L):  F-
17C @ 37.5

1/7/08 13:03 Monitored system.  Nitrate (mg/L):  F-17C @ 37.2
1/9/08 12:33 Performed weekly sampling. Nitrate (mg/L):  F-17C @ 37.3
1/10/08 7:52 Monitored system.  

1/11/08 12:17 Monitored system.  Nitrate (mg/L):  F-17C @ 37.5
1/14/08 14:50 Monitored system.  Nitrate (mg/L):  F-17C @ 37.6
1/16/08 14:15 Performed every-other week sampling.  Nitrate (mg/L):  F-17C @ 37.2
1/18/08 23:14 Monitored system.  Nitrate (mg/L):  F-17C @ 37.3
1/21/08 12:11 Monitored system.  Nitrate (mg/L):  F-17C @ 37.3
1/23/08 13:08 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 37.3
1/25/08 10:07 Monitored system.  Nitrate (mg/L):  F-17C @ 37.3
1/28/08 12:31 Monitored system.  Nitrate (mg/L):  F-17C @ 37.2
1/30/08 8:07 Performed monthly sampling.  Nitrate (mg/L):  F-17C @ 37.2
2/1/08 7:55 Monitored system.  Nitrate (mg/L):  F-17C @ 37.2
2/4/08 10:04 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 37.6
2/6/08 8:37 Monitored system.  Nitrate (mg/L):  F-17C @ 38.1
2/8/08 9:43 Monitored system.  Nitrate (mg/L):  F-17C @ 37.6

2/11/08 11:52 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 37.6

2/13/08 8:57
Monitored system.  Decreased flow rate from 188.2 to 178.8 GPM.  Nitrate (mg/L):  
F-17C @ 37.5

2/15/08 13:47 Monitored system.  Nitrate (mg/L):  F-17C @ 37.3
2/18/08 11:16 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 37.3
2/20/08 12:54 Monitored system.  Nitrate (mg/L):  F-17C @ 37.2
2/22/08 10:05 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1
2/25/08 11:53 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1
2/27/08 8:40 Performed monthly sampling.  Nitrate (mg/L):  F-17C @ 37.2

2/29/08 12:52 Monitored system.  Nitrate (mg/L):  F-17C @ 37.2
3/3/08 13:45 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 37.3
3/5/08 8:11 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1
3/7/08 13:22 Monitored system.  Nitrate (mg/L):  F-17C @ 37.3
3/10/08 9:20 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1

3/12/08 10:04 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 37.1



3/14/08 9:09 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1
3/17/08 11:17 Performed weekly sampling. Nitrate (mg/L):  F-17C @ 37.1
3/19/08 12:24 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1
3/21/08 14:19 Monitored system.  Nitrate (mg/L):  F-17C @ 37.2
3/24/08 11:14 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1
3/26/08 11:23 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1
3/28/08 11:00 Performed monthly sampling.  Nitrate (mg/L):  F-17C @ 37.0
3/31/08 11:33 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 36.8
4/2/08 11:10 Monitored system.   Nitrate (mg/L):  F-17C @ 36.7
4/4/08 10:44 Monitored system.  Nitrate (mg/L):  F-17C @ 36.7
4/7/08 11:05 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 36.7
4/9/08 13:36 Monitored system.  Nitrate (mg/L):  F-17C @ 36.8

4/11/08 11:48 Monitored system.  Nitrate (mg/L):  F-17C @ 37.1

4/14/08 12:43
Performed weekly sampling.  Increased flow rate form 169 to 178 GPM.  Nitrate 
(mg/L):  F-17C @ 37.6

4/16/08 13:06 Monitored system.  Nitrate (mg/L):  F-17C @ 37.2

4/18/08 14:01
Reduce flow to system to 8 - 12.5 GPM.  Get Resin sample.  Nitrate (mg/L):  F-17C 
@ 37.3

4/25/08 14:28 Nitrate (mg/L):  F-17C @ 37.3

Date / Time Comments
7/24/08 11:30 Re-started IX system.
7/24/08 12:46 Collected start-up samples.  Nitrate (mg/L):  F-17C @ 38.5

7/28/08 9:49
Collected TCE and Nitrosamines samples.  Increased flow rate from 163 to 175 
GPM. 

7/31/08 11:43
Performed weekly sampling.  Decreased flow rate form 181 to 176 GPM.  Nitrate 
(mg/L):  F-17C @ 37.9

8/4/08 8:58
Monitored system.  Increased flow rate from 173 to 176 GPM.  Nitrate (mg/L):  F-17C 
@ 38.4

8/7/08 8:41
Performed Every-other week sampling.  Increased flow rate from 173 to 175 GPM.  
Nitrate (mg/L):  F-17C @ 37.8

8/11/08 10:13 Monitored system.  Nitrate (mg/L):  F-17C @ 37.9

8/14/08 12:09
Performed weekly sampling.   Replaced IX Influent pressure gauge.  Nitrate (mg/L):  
F-17C @ 38.8

8/18/08 9:51 Monitored system.  Nitrate (mg/L):  F-17C @ 38.8
8/21/08 11:42 Performed monthly sampling.  Nitrate (mg/L):  F-17C @ 39.2
8/25/08 8:22 Monitored system.  Nitrate (mg/L):  F-17C @ 39.2

8/28/08 11:26 Performed weekly sampling.    Nitrate (mg/L):  F-17C @ 39.7
9/2/08 10:46 Monitored system.  Nitrate (mg/L):  F-17C @ 38.2

9/4/08 9:35
Performed Every-other week sampling.  Increased flow rate from 169.5 to 175.5 
GPM.  Nitrate (mg/L):  F-17C @ 38.2

9/11/08 7:18 Performed weekly sampling.    Nitrate (mg/L):  F-17C @ 38.8
9/18/08 11:53 Performed monthly sampling.  Nitrate (mg/L):  F-17C @ 39.1
9/25/08 7:02 Performed weekly sampling.    Nitrate (mg/L):  F-17C @ 38.4
10/2/08 9:27 Performed Every-other week sampling.  Nitrate (mg/L):  F-17C @ 38.6

10/9/08 10:08 Performed weekly sampling.  Nitrate (mg/L):  F-17C @ 38.4



10/16/08 12:45 Well F-17C shutdown because of high Nitrate.  System not running.

10/24/08 11:40
Well F-17B started back up on 10/17/08.  Performed monthly sampling.  Nitrate 
(mg/L):  F-17B @ 36.7

10/30/08 9:54 Performed weekly sampling.    Nitrate (mg/L):  F-17B @ 35.8
11/6/08 9:54 Performed Every-other week sampling.  Nitrate (mg/L):  F-17B @ 31.9

11/13/08 10:26 Performed weekly sampling.    Nitrate (mg/L):  F-17B @ 34.3

11/21/08 11:00
System shutdown by Fontana Water personnel on 11/18/08 because of broken 
valve.  Assess what repairs will be needed.

11/25/08 13:39
Restarted system at 1236.  Performed monthly sampling.  Nitrate (mg/L):  F-17B @ 
38.4

12/4/08 11:19 Performed weekly sampling.    Nitrate (mg/L):  F-17B @ 38.9

12/11/08 9:30
Well F17B shutdown at approximately 09:30 12/10/08 because Fontana Water Resin 
in lead and lag beds was saturated. 
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Unit: (BVs) ug/l ug/l mg/l mg/l s.u. mg/l mg/l mg/l mg/l mg/l mg/l
1/17/07 15:30
1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 8.5 9.7 31 16 7.98 230 ND 12 0.19
1/18/07 12:42 1,551
1/20/07 8:15 4,994

1/23/07 11:30 10,739
1/24/07 11:15 12,607 9.9 31 18 7.98 180 ND
1/26/07 9:15 16,068

1/31/07 11:20 25,231 9.5 33 15 8.15 190 ND 11 0.12
1/31/07 11:20 25,231 9.4 33 15 7.95 170 11 0.13

2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173 11 31 15 7.91 220 ND
2/12/07 9:45 47,327
2/14/07 9:45 51,159 7 32 15 7.76 280 ND 11 0.17
2/21/07 9:13 60,236 7.6 29 17 7.9 240 <0.3

2/22/07 12:37 62,084
2/28/07 10:59 71,248 7.7 33 16 7.82 260 ND 11 0.16
3/7/07 10:11 84,060 7.1 32 16 7.88 250 ND
3/14/07 9:57 96,689 9.5 32 16 7.85 220 ND 11 0.16

3/21/07 10:49 109,950 7.4 33 16 7.73 240 ND 150 180
3/28/07 10:13 122,719 8.7 8.7 31 15 7.81 240 ND 11 0.17
3/29/07 10:30 124,715
4/4/07 10:32 137,137 6.6 32 15 7.73 230 ND

4/11/07 10:20 151,169 6.1 31 14 7.70 250 ND 12 0.16
4/18/07 9:05 164,846 6.7 32 15 7.61 300 ND

4/25/07 11:23 178,890 7.5 32 15 7.16 240 ND 12 200
4/25/07 11:23 178,890 7.6 32 15 7.18 250 0.52 12 210
5/2/07 10:34 193,212 7.8 32 15 7.56 200 ND
5/9/07 10:00 207,542 8.2 33 15 7.40 210 ND 12 0.17

5/16/07 11:52 219,846 6.8 33 16 7.97 280 ND
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Unit: (BVs) ug/l ug/l mg/l mg/l s.u. mg/l mg/l mg/l mg/l mg/l mg/l
5/23/07 11:24 234,143 7.3 34 16 8 170 ND 12 0.18
5/30/07 11:08 249,116 6.9 35 16 8.03 160 2.9
5/30/07 11:08 249,116 7.1 34 16 8.04 180 ND
6/8/07 11:08 267,967 7.4 35 15 7.96 230 ND 12 0.19

8/10/07 16:45 0 7.7 37 17 7.98 260 ND 13 0.17 190
8/31/07 13:05 20,252 7.2 38 17 7.93 270 ND
8/31/07 13:05 20,252 7.9 38 17 7.88 270 ND
9/5/07 10:16 30,295 6.7 38 17 8.59 290 ND 13 0.15

9/12/07 14:25 44,970 6.4 39 17 8.05 300 ND
9/19/07 12:45 59,218 5.0 39 17 8.06 290 ND 13 0.19
9/26/07 13:55 71,408 11.0 38 17 8.06 310 ND
10/3/07 12:50 83,238 7.7 39 17 7.91 250 ND 13 0.17
10/10/07 15:49 99,295 7.5 37 17 7.92 260
10/10/07 15:49 99,295 7.2 37 17 7.93 260
10/17/07 13:05 114,929 7.9 37 17 8.05 240 ND 13 0.17
10/19/07 9:44 119,160
10/24/07 13:54 131,148 7.9 37 17 7.94 280 0.3
10/24/07 13:54 131,148 7.4 37 17 7.96 290 0.36
10/31/07 11:33 147,346 7.9 36 17 7.93 330 8 12 0.18

11/9/07 7:38 166,760 5.1 37 16 8.00 320 ND
11/14/07 12:30 177,050 6.7 37 16 7.98 310 ND 13 0.2
11/14/07 12:30 177,050 13 0.21
11/21/07 11:27 191,103 7.3 39 17 7.97 330 ND
11/26/07 11:25 201,942 7.7 37 16 8.05 310 ND 13 0.19

1/2/08 13:47 0 6.9 38 17 7.93 260 ND 13 0.17
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991 7.8 38 17 7.91 280 ND
1/9/08 12:33 16,991 5.7 ND

1/16/08 14:15 33,680 8.3 38 17 7.90 280 ND 13 0.16
1/23/08 13:08 50,139 7.6
1/23/08 13:08 50,139 7.9
1/30/08 8:07 66,304 9.3 37 17 7.83 270 ND 13 0.18
2/4/08 10:04 78,458 7.7

2/11/08 11:52 95,335 7.9
2/15/08 13:47 105,438 6.3
2/20/08 12:54 117,487 8.8
2/22/08 10:05 122,036
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Unit: (BVs) ug/l ug/l mg/l mg/l s.u. mg/l mg/l mg/l mg/l mg/l mg/l
2/27/08 8:40 134,028 8.8 38 19 7.35 260 ND 14 0.2
2/27/08 8:40 134,028 38 17 7.90 260 ND
3/3/08 13:45 146,639 8.0
3/3/08 13:45 146,639

3/12/08 10:04 167,816 9.5
3/17/08 11:17 179,959 8.8
3/28/08 11:00 206,681 9.4 37 17 7.94 250 ND 13 0.18
3/28/08 11:00 206,681 13 0.18
3/31/08 11:33 214,172 8.2
3/31/08 11:33 214,172
4/7/08 11:05 230,415 8.9

4/14/08 12:43 246,639 7.1
7/24/08 11:30 0 7.3 38 17 8.03 250 ND 13 0.18
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073

7/31/08 11:43 16,503 ND 37 17 7.88 300 ND
8/7/08 8:41 32,575 7.6 39 17 7.89 280 ND
8/7/08 8:41 32,575 7.6

8/14/08 12:09 49,414 7.5
8/21/08 11:42 65,892 7.4 40 18 7.85 250 ND 14 0.19
8/28/08 11:26 82,404 7.8

9/4/08 9:35 98,773 7.2
9/11/08 7:18 115,424 8.0
9/11/08 7:18 115,424 7.4

9/18/08 11:53 132,286 8.1 37 16 7.93 300 ND 13 0.18
9/25/08 7:02 148,250 8.6
9/25/08 7:02 148,250 8.2
10/2/08 9:27 164,794 8.3
10/2/08 9:27 164,794

10/9/08 10:08 181,208 7.3
10/9/08 10:08 181,208
10/24/08 11:40 204,093 11 35 17 7.88 260 ND 12 0.18
10/24/08 11:40 204,093
10/30/08 9:54 218,394 11
11/6/08 9:54 234,636 9.9

11/13/08 10:26 251,133 9.2
11/25/08 13:39 263,504 11 38 17 7.96 270 ND 12 0.19
11/25/08 13:39 263,504
12/4/08 11:19 284,584 9.9
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Unit: (BVs) ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l
1/17/07 15:30

1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 11 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/18/07 12:42 1,551
1/20/07 8:15 4,994

1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068

1/31/07 11:20 25,231 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/31/07 11:20 25,231

2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
2/21/07 9:13 60,236

2/22/07 12:37 62,084
2/28/07 10:59 71,248 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
3/7/07 10:11 84,060
3/14/07 9:57 96,689 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

3/21/07 10:49 109,950
3/28/07 10:13 122,719 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
3/29/07 10:30 124,715
4/4/07 10:32 137,137

4/11/07 10:20 151,169 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
4/18/07 9:05 164,846

4/25/07 11:23 178,890 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
4/25/07 11:23 178,890 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
5/2/07 10:34 193,212
5/9/07 10:00 207,542 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

5/16/07 11:52 219,846
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Unit: (BVs) ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l
5/23/07 11:24 234,143 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
5/30/07 11:08 249,116
5/30/07 11:08 249,116
6/8/07 11:08 267,967 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

8/10/07 16:45 0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
8/31/07 13:05 20,252
8/31/07 13:05 20,252
9/5/07 10:16 30,295 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

9/12/07 14:25 44,970
9/19/07 12:45 59,218 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
9/26/07 13:55 71,408
10/3/07 12:50 83,238 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/19/07 9:44 119,160
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

11/9/07 7:38 166,760
11/14/07 12:30 177,050 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
11/14/07 12:30 177,050 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
11/21/07 11:27 191,103
11/26/07 11:25 201,942 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

1/2/08 13:47 0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991
1/9/08 12:33 16,991

1/16/08 14:15 33,680 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/23/08 13:08 50,139
1/23/08 13:08 50,139
1/30/08 8:07 66,304 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
2/4/08 10:04 78,458

2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l
2/27/08 8:40 134,028 32 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639

3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 3.8 <2.0 <2.0 <2.0 8.8 <2.0 <2.0 <2.0
3/28/08 11:00 206,681 2.4 <2.0 <2.0 <2.0 9.6 <2.0 <2.0 <2.0
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415

4/14/08 12:43 246,639
7/24/08 11:30 0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 2.0
7/24/08 11:35 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
7/24/08 11:50
7/28/08 9:49 9,073

7/31/08 11:43 16,503
8/7/08 8:41 32,575 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
8/7/08 8:41 32,575

8/14/08 12:09 49,414
8/21/08 11:42 65,892 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
8/28/08 11:26 82,404

9/4/08 9:35 98,773 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
9/11/08 7:18 115,424
9/11/08 7:18 115,424

9/18/08 11:53 132,286 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
9/25/08 7:02 148,250
9/25/08 7:02 148,250
10/2/08 9:27 164,794 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/2/08 9:27 164,794

10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/24/08 11:40 204,093
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
11/25/08 13:39 263,504
12/4/08 11:19 284,584
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Unit: (BVs) ug/L ug/L µg/l ug/l ug/L ug/l mg/l ug/L ug/l ug/L
1/17/07 15:30

1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 <2.0 0.75 40 <2.0 3.3 <5.0 11
1/18/07 12:42 1,551
1/20/07 8:15 4,994

1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068

1/31/07 11:20 25,231
1/31/07 11:20 25,231

2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159
2/21/07 9:13 60,236 <2.0 20 <10 42 <2.0 4.3 <5.0 11

2/22/07 12:37 62,084
2/28/07 10:59 71,248
3/7/07 10:11 84,060
3/14/07 9:57 96,689

3/21/07 10:49 109,950 <2.0 <10 40 <2.0 <2.0 <5.0 <10
3/28/07 10:13 122,719
3/29/07 10:30 124,715
4/4/07 10:32 137,137

4/11/07 10:20 151,169
4/18/07 9:05 164,846

4/25/07 11:23 178,890 <0.20 <5.0 0.67 0.72 43 <0.10 45 <0.10 3.2 4.8
4/25/07 11:23 178,890 <0.20 <5.0 0.73 0.72 43 <0.10 46 <0.10 3.2 4.0
5/2/07 10:34 193,212
5/9/07 10:00 207,542

5/16/07 11:52 219,846
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Unit: (BVs) ug/L ug/L µg/l ug/l ug/L ug/l mg/l ug/L ug/l ug/L
5/23/07 11:24 234,143 <0.20 5.4 0.71 42 <0.10 <0.10 3.2 7.8
5/30/07 11:08 249,116
5/30/07 11:08 249,116
6/8/07 11:08 267,967
8/10/07 16:45 0 <0.20 <5.0 0.65 43 <0.10 45 <0.10 3.0 1.4
8/31/07 13:05 20,252
8/31/07 13:05 20,252
9/5/07 10:16 30,295
9/12/07 14:25 44,970
9/19/07 12:45 59,218 <0.20 <5.0 0.73 45 <0.10 44 <0.10 3.3 7.7
9/26/07 13:55 71,408
10/3/07 12:50 83,238
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 <0.20 5.2 0.70 43 <0.10 46 <0.10 3.1 14
10/19/07 9:44 119,160
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346
11/9/07 7:38 166,760

11/14/07 12:30 177,050 <0.20 8.1 <0.64 0.64 43 <0.10 47 <0.10 3.0 13
11/14/07 12:30 177,050 <0.20 8.3 0.59 42 <0.10 47 <0.10 3.1 8.8
11/21/07 11:27 191,103
11/26/07 11:25 201,942

1/2/08 13:47 0 <0.20 17 0.66 42 <0.10 48 <0.10 3.5 25
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991
1/9/08 12:33 16,991
1/16/08 14:15 33,680
1/23/08 13:08 50,139
1/23/08 13:08 50,139
1/30/08 8:07 66,304 <0.20 <5.0 0.63 42 <0.10 46 <0.10 2.9 19
2/4/08 10:04 78,458
2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ug/L ug/L µg/l ug/l ug/L ug/l mg/l ug/L ug/l ug/L
2/27/08 8:40 134,028 <0.20 <5.0 0.58 39 <0.10 46 <0.10 2.8 2.5
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639
3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 <0.20 <5.0 0.80 50 <0.10 49 <0.10 3.5 14
3/28/08 11:00 206,681 <0.20 <5.0 0.80 50 <0.10 48 <0.10 3.4 14
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415
4/14/08 12:43 246,639
7/24/08 11:30 0 0.70 48
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073
7/31/08 11:43 16,503
8/7/08 8:41 32,575
8/7/08 8:41 32,575

8/14/08 12:09 49,414
8/21/08 11:42 65,892 <0.20 22 0.80 44 <0.10 <0.10 3.4 8.7
8/28/08 11:26 82,404
9/4/08 9:35 98,773
9/11/08 7:18 115,424
9/11/08 7:18 115,424
9/18/08 11:53 132,286 <0.20 <5.0 0.65 42 <0.10 45 <0.10 3.3 3.7
9/25/08 7:02 148,250
9/25/08 7:02 148,250
10/2/08 9:27 164,794
10/2/08 9:27 164,794
10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 <0.20 5.2 0.65 38 <0.10 47 <0.10 3.3 5.0
10/24/08 11:40 204,093
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 <0.20 6.9 0.81 42 <0.10 47 <0.10 3.4 8.0
11/25/08 13:39 263,504
12/4/08 11:19 284,584
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Unit: (BVs) ug/l ug/l ug/L mg/l mg/l ug/l ug/l mg/l ug/l ug/L
1/17/07 15:30

1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 36 <20 <0.10 0.56 0.25 <5.0 <5.0
1/18/07 12:42 1,551
1/20/07 8:15 4,994

1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068

1/31/07 11:20 25,231
1/31/07 11:20 25,231

2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159
2/21/07 9:13 60,236 <20 <20 <10 <10 <5.0 <5.0

2/22/07 12:37 62,084
2/28/07 10:59 71,248
3/7/07 10:11 84,060
3/14/07 9:57 96,689

3/21/07 10:49 109,950 <20 <20 <0.10 <10 <10 <5.0 <5.0
3/28/07 10:13 122,719
3/29/07 10:30 124,715
4/4/07 10:32 137,137

4/11/07 10:20 151,169
4/18/07 9:05 164,846

4/25/07 11:23 178,890 <20 <20 <0.10 1.8 <0.20 <0.20 25 <0.80 0.22
4/25/07 11:23 178,890 <20 <20 <0.10 1.8 <0.20 <0.20 26 <0.80 0.22
5/2/07 10:34 193,212
5/9/07 10:00 207,542

5/16/07 11:52 219,846
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Unit: (BVs) ug/l ug/l ug/L mg/l mg/l ug/l ug/l mg/l ug/l ug/L
5/23/07 11:24 234,143 <20 <20 <0.10 <10 <0.20 <0.80 0.27
5/30/07 11:08 249,116
5/30/07 11:08 249,116
6/8/07 11:08 267,967

8/10/07 16:45 0 <20 <20 <0.10 1.8 <0.20 <0.20 25 <0.80 <0.20
8/31/07 13:05 20,252 <20 <20
8/31/07 13:05 20,252
9/5/07 10:16 30,295 <20 <20

9/12/07 14:25 44,970
9/19/07 12:45 59,218 <20 <20 <0.10 1.6 <0.20 <0.20 25 <0.80 0.28
9/26/07 13:55 71,408
10/3/07 12:50 83,238
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 <20 <20 <0.10 1.9 <0.20 <0.20 25 <0.80 0.36
10/19/07 9:44 119,160
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346

11/9/07 7:38 166,760
11/14/07 12:30 177,050 <20 <20 <0.10 1.7 <5.0 0.41 26 <0.80 0.49
11/14/07 12:30 177,050 <20 <20 1.8 <5.0 <0.20 26 <0.80 0.38
11/21/07 11:27 191,103
11/26/07 11:25 201,942

1/2/08 13:47 0 <20 <20 <0.10 1.8 <5.0 <0.20 26 <0.80 0.87
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991 <20 <20
1/9/08 12:33 16,991

1/16/08 14:15 33,680 <20 <20
1/23/08 13:08 50,139 <20 <20
1/23/08 13:08 50,139
1/30/08 8:07 66,304 <20 <20 <0.10 1.8 <0.20 <0.20 26 <0.80 0.41
2/4/08 10:04 78,458

2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ug/l ug/l ug/L mg/l mg/l ug/l ug/l mg/l ug/l ug/L
2/27/08 8:40 134,028 <20 <20 1.8 9.8 <0.20 <0.20 25 <0.80 <0.20
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639
3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 <20 <20 2.0 <0.20 <0.20 26 <0.80 0.58
3/28/08 11:00 206,681 <20 <20 <0.10 1.9 0.37 <0.20 26 <0.80 0.35
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415
4/14/08 12:43 246,639
7/24/08 11:30 0 <20 <10 1.7 <0.20 1.8 25
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073
7/31/08 11:43 16,503 <20 <10
8/7/08 8:41 32,575 <20 <10
8/7/08 8:41 32,575

8/14/08 12:09 49,414 <20 <10
8/21/08 11:42 65,892 <20 <0.050 <0.20 7.0 <0.80 0.59
8/28/08 11:26 82,404
9/4/08 9:35 98,773
9/11/08 7:18 115,424
9/11/08 7:18 115,424
9/18/08 11:53 132,286 <20 <10 1.8 <5.0 <0.20 24 <0.80 <0.20
9/25/08 7:02 148,250
9/25/08 7:02 148,250
10/2/08 9:27 164,794
10/2/08 9:27 164,794
10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 <20 <10 <0.050 1.8 <0.20 <0.20 21 <0.80 0.23
10/24/08 11:40 204,093
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 <20 <10 <0.050 2.0 <0.20 <0.20 25 <0.80 0.34
11/25/08 13:39 263,504
12/4/08 11:19 284,584



Date / Time

Number 
of Bed 

Volumes To
ta

l S
b 

(a
nt

im
on

y)

To
ta

l S
e

To
ta

l T
l (

th
al

liu
m

)

D
is

so
lv

ed
 U

To
ta

l U

To
ta

l V

To
ta

l Z
n

To
ta

l V
O

C
s

To
ta

l S
V

O
C

s

G
ro

ss
 A

lp
ha

R
ad

on

Unit: (BVs) ug/L ug/L ug/L ug/l ug/l ug/L ug/l pCi/L
1/17/07 15:30

1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 <10 72 <50 2.0 1.8 9.3 <50 ND ND 1.0
1/18/07 12:42 1,551
1/20/07 8:15 4,994

1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068

1/31/07 11:20 25,231
1/31/07 11:20 25,231

2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159
2/21/07 9:13 60,236 <10 <30 <50 1.5 1.6 8.7 <50 ND ND 0.0

2/22/07 12:37 62,084 87
2/28/07 10:59 71,248
3/7/07 10:11 84,060
3/14/07 9:57 96,689

3/21/07 10:49 109,950 <10 <30 <50 1.7 1.7 9.7 <50 ND ND 2.3 102
3/28/07 10:13 122,719
3/29/07 10:30 124,715
4/4/07 10:32 137,137

4/11/07 10:20 151,169
4/18/07 9:05 164,846

4/25/07 11:23 178,890 <0.50 0.68 <0.20 1.9 1.9 9.1 ND ND 1.4
4/25/07 11:23 178,890 <0.50 0.64 <0.20 1.9 2.0 6.5 ND ND 2.2
5/2/07 10:34 193,212
5/9/07 10:00 207,542

5/16/07 11:52 219,846
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Unit: (BVs) ug/L ug/L ug/L ug/l ug/l ug/L ug/l pCi/L
5/23/07 11:24 234,143 <0.50 0.66 <0.20 1.8 1.9 10 ND ND 1.9
5/30/07 11:08 249,116 139
5/30/07 11:08 249,116
6/8/07 11:08 267,967
8/10/07 16:45 0 <0.50 0.61 <0.20 2.0 2.1 6.4 ND ND 6.5 133
8/31/07 13:05 20,252
8/31/07 13:05 20,252
9/5/07 10:16 30,295
9/12/07 14:25 44,970
9/19/07 12:45 59,218 <0.50 0.66 <0.20 2.6 2.6 8.2 ND ND 3.4
9/26/07 13:55 71,408
10/3/07 12:50 83,238
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 <0.50 0.61 <0.20 2.2 2.2 13 0.63
10/19/07 9:44 119,160 <75
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346
11/9/07 7:38 166,760

11/14/07 12:30 177,050 <0.50 0.63 <0.20 2.5 2.5 15 ND ND 4
11/14/07 12:30 177,050 <0.50 0.50 <0.20 2.5 2.5 9.7 ND ND 3.1
11/21/07 11:27 191,103
11/26/0711:25 201,942
1/2/08 13:47 0 <0.50 0.82 <0.20 2.3 2.3 19 ND ND 8
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991 ND
1/9/08 12:33 16,991
1/16/08 14:15 33,680 ND
1/23/08 13:08 50,139
1/23/08 13:08 50,139
1/30/08 8:07 66,304 <0.50 0.64 <0.20 2.3 2.3 7.9 ND 8.4
2/4/08 10:04 78,458
2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ug/L ug/L ug/L ug/l ug/l ug/L ug/l pCi/L
2/27/08 8:40 134,028 <0.50 <0.40 <0.20 2.4 2.4 6.9 ND 5.2 <75
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639

3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 <0.50 0.75 <0.20 2.6 2.6 8.6 ND 4.2
3/28/08 11:00 206,681 <0.50 0.70 <0.20 2.7 2.6 13 ND 5
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415

4/14/08 12:43 246,639
7/24/08 11:30 0 2.6 ND 4.2
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073

7/31/08 11:43 16,503
8/7/08 8:41 32,575
8/7/08 8:41 32,575

8/14/08 12:09 49,414
8/21/08 11:42 65,892 <0.50 0.78 <0.20 2.1 2.2 10 ND 0 163
8/28/08 11:26 82,404

9/4/08 9:35 98,773
9/11/08 7:18 115,424
9/11/08 7:18 115,424

9/18/08 11:53 132,286 <0.50 0.71 <0.20 2.3 2.2 5.2 ND 0.441
9/25/08 7:02 148,250 126
9/25/08 7:02 148,250
10/2/08 9:27 164,794
10/2/08 9:27 164,794

10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 <0.50 0.65 <0.20 1.8 1.8 9.8 ND 0.732 143
10/24/08 11:40 204,093
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 <0.50 0.68 <0.20 2.0 2.1 12 ND 0
11/25/08 13:39 263,504
12/4/08 11:19 284,584
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Unit: (BVs) ug/l ug/l ug/l mg/l mg/l s.u. mg/l mg/l mg/l mg/l mg/l mg/l
1/17/07 15:30

1/17/07 15:31 2.6 0.50 1.8 7.49 93
1/17/07 15:32 4.8 <0.50 1.8 7.45 100
1/17/07 15:34 6.9 <0.50 1.9 7.55 97
1/17/07 15:35 10 <0.50 1.7 7.47 99
1/17/07 15:39 17 <0.50 1.7 7.49 96
1/17/07 15:51 26 <0.50 1.9 7.53 96
1/17/07 16:01 39 <0.50 1.6 7.65 82
1/17/07 16:01 39 ND <0.50 1.9 7.67 260 0.48 86 0.22
1/18/07 12:42 1,551
1/20/07 8:15 4,994

1/23/07 11:30 10,739
1/24/07 11:15 12,607 ND 31 17 7.97 200 ND
1/26/07 9:15 16,068

1/31/07 11:20 25,231 ND 33 15 7.92 170 ND 11 0.14
1/31/07 11:20 25,231 ND 33 15 7.96 190 ND 11 0.15

2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173 ND 31 15 7.93 220 ND
2/12/07 9:45 47,327
2/14/07 9:45 51,159 ND 32 15 7.82 280 ND 11 0.17
2/21/07 9:13 60,236 ND 26 13 7.93 240 <0.3

2/22/07 12:37 62,084
2/28/07 10:59 71,248 ND 33 16 7.92 260 ND 12 0.17
3/7/07 10:11 84,060 ND 32 16 7.89 220 ND
3/14/07 9:57 96,689 ND 32 16 7.88 210 ND 11 0.14

3/21/07 10:49 109,950 4.0 33 17 7.81 240 ND 150 180
3/28/07 10:13 122,719 2.9 31 15 7.82 240 ND 11 0.16
3/29/07 10:30 124,715
4/4/07 10:32 137,137 3.0 32 14 7.57 240 ND

4/11/07 10:20 151,169 4.6 31 14 7.68 300 ND 12 0.15
4/18/07 9:05 164,846 4.7 32 15 7.53 220 ND

4/25/07 11:23 178,890 5.5 32 15 6.9 250 ND 12 -- 210
4/25/07 11:23 178,890
5/2/07 10:34 193,212 6.4 32 15 7.51 170 ND
5/9/07 10:00 207,542 6.3 34 15 7.25 230 ND 12 0.17

5/16/07 11:52 219,846 7.1 33 15 7.99 260 ND
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Unit: (BVs) ug/l ug/l ug/l mg/l mg/l s.u. mg/l mg/l mg/l mg/l mg/l mg/l
5/23/07 11:24 234,143 7.7 34 16 7.94 170 ND 12 0.18
5/30/07 11:08 249,116 7.2 35 16 8.03 150 ND
5/30/07 11:08 249,116
6/8/07 11:08 267,967 6.9 34 15 7.98 230 ND 12 0.18

8/10/07 16:45 0 ND 7.2 2 7.58 270 ND 38 <0.1 180
8/31/07 13:05 20,252 ND 38 17 7.7 270 ND
8/31/07 13:05 20,252
9/5/07 10:16 30,295 ND 38 17 8.5 280 ND 13 0.2

9/12/07 14:25 44,970 ND 38 17 8.06 330 ND
9/19/07 12:45 59,218 ND 39 17 8.03 300 ND 13 0.18
9/26/07 13:55 71,408 ND 39 17 8.04 310 ND
10/3/07 12:50 83,238 ND 39 17 7.89 260 ND 13 0.17
10/10/07 15:49 99,295 ND 37 17 7.91 260
10/10/07 15:49 99,295
10/17/07 13:05 114,929 ND 37 17 8.01 270 nd 12 0.17
10/19/07 9:44 119,160
10/24/07 13:54 131,148 3.2 37 17 7.79 280 0.32
10/24/07 13:54 131,148
10/31/07 11:33 147,346 5.4 36 17 7.85 320 ND 12 0.18

11/9/07 7:38 166,760 5.8 38 16 8.01 310 0.4
11/14/07 12:30 177,050 7.1 37 16 7.99 310 ND 13 0.19
11/14/07 12:30 177,050
11/21/07 11:27 191,103 7.2 38 16 7.95 320 ND
11/26/07 11:25 201,942 7.9 37 16 7.99 300 ND 13 0.19

1/2/08 13:47 0 ND ND ND 7.83 260 ND 45 0.17
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991 ND 38 17 7.89 290 ND
1/9/08 12:33 16,991

1/16/08 14:15 33,680 ND 38 17 7.75 280 ND 13 0.16
1/23/08 13:08 50,139 ND
1/23/08 13:08 50,139
1/30/08 8:07 66,304 ND 37 17 7.66 260 ND 13 0.19
2/4/08 10:04 78,458 ND

2/11/08 11:52 95,335 ND
2/15/08 13:47 105,438
2/20/08 12:54 117,487 2.3
2/22/08 10:05 122,036 2.6
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Unit: (BVs) ug/l ug/l ug/l mg/l mg/l s.u. mg/l mg/l mg/l mg/l mg/l mg/l
2/27/08 8:40 134,028 3.5 3.4 38 17 7.1 260 ND 13 0.19
2/27/08 8:40 134,028
3/3/08 13:45 146,639 5.9
3/3/08 13:45 146,639 5.7

3/12/08 10:04 167,816 6.0
3/17/08 11:17 179,959 9.2
3/28/08 11:00 206,681 6.5 38 17 7.89 240 ND 13 0.18
3/28/08 11:00 206,681
3/31/08 11:33 214,172 6.7
3/31/08 11:33 214,172 6.1
4/7/08 11:05 230,415 8.1

4/14/08 12:43 246,639 7.1
7/24/08 11:30 0 ND ND ND 7.94 210 ND 14 0.18
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073

7/31/08 11:43 16,503 ND 37 17 7.85 290 ND
8/7/08 8:41 32,575 ND 39 17 7.84 270 ND
8/7/08 8:41 32,575

8/14/08 12:09 49,414 ND
8/21/08 11:42 65,892 ND 40 18 7.74 260 ND 14 0.19
8/28/08 11:26 82,404 ND

9/4/08 9:35 98,773 2.8
9/11/08 7:18 115,424 2.6
9/11/08 7:18 115,424

9/18/08 11:53 132,286 3.6 38 17 7.89 290 ND 13 0.19
9/25/08 7:02 148,250 5.3
9/25/08 7:02 148,250
10/2/08 9:27 164,794 5 6.4
10/2/08 9:27 164,794

10/9/08 10:08 181,208 6.2
10/9/08 10:08 181,208 6.8
10/24/08 11:40 204,093 6.4 35 17 7.84 260 ND 12 0.18
10/24/08 11:40 204,093 6.1 35 17 7.89 250 ND 12 0.18
10/30/08 9:54 218,394 7.3
11/6/08 9:54 234,636 7.4

11/13/08 10:26 251,133 7.5
11/25/08 13:39 263,504 7.1 38 17 7.94 280 ND 12 0.19
11/25/08 13:39 263,504 7.1
12/4/08 11:19 284,584 9.5
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Unit: (BVs) ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l
1/17/07 15:30
1/17/07 15:31 2.6 130 <2.0 3.3 <2.0 <2.0 <2.0 <2.0 <2.0
1/17/07 15:32 4.8 83 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/17/07 15:34 6.9 61 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/17/07 15:35 10 140 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/17/07 15:39 17 41 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/17/07 15:51 26 43 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/17/07 16:01 39 16 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/17/07 16:01 39
1/18/07 12:42 1,551
1/20/07 8:15 4,994

1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068

1/31/07 11:20 25,231 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/31/07 11:20 25,231

2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
2/21/07 9:13 60,236

2/22/07 12:37 62,084
2/28/07 10:59 71,248 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
3/7/07 10:11 84,060
3/14/07 9:57 96,689 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

3/21/07 10:49 109,950
3/28/07 10:13 122,719 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
3/29/07 10:30 124,715
4/4/07 10:32 137,137

4/11/07 10:20 151,169 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
4/18/07 9:05 164,846

4/25/07 11:23 178,890 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
4/25/07 11:23 178,890
5/2/07 10:34 193,212
5/9/07 10:00 207,542 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

5/16/07 11:52 219,846
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Unit: (BVs) ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l
5/23/07 11:24 234,143 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
5/30/07 11:08 249,116
5/30/07 11:08 249,116
6/8/07 11:08 267,967 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

8/10/07 16:45 0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
8/31/07 13:05 20,252
8/31/07 13:05 20,252
9/5/07 10:16 30,295 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

9/12/07 14:25 44,970
9/19/07 12:45 59,218 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
9/26/07 13:55 71,408
10/3/07 12:50 83,238 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/19/07 9:44 119,160
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

11/9/07 7:38 166,760
11/14/07 12:30 177,050 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
11/14/07 12:30 177,050
11/21/07 11:27 191,103
11/26/07 11:25 201,942 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

1/2/08 13:47 0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/2/08 13:52 9 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/2/08 13:57 18 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/2/08 14:17 55 2.3 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/4/08 10:51 4,784
1/9/08 12:33 16,991 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/9/08 12:33 16,991

1/16/08 14:15 33,680 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
1/23/08 13:08 50,139
1/23/08 13:08 50,139
1/30/08 8:07 66,304 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
2/4/08 10:04 78,458

2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l
2/27/08 8:40 134,028 10 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639
3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 4 <2.0 <2.0 <2.0 41 <2.0 <2.0 <2.0
3/28/08 11:00 206,681
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415
4/14/08 12:43 246,639
7/24/08 11:30 0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 2.1
7/24/08 11:35 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
7/24/08 11:50 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
7/28/08 9:49 9,073 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 2.3
7/31/08 11:43 16,503 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 2.3
8/7/08 8:41 32,575 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
8/7/08 8:41 32,575

8/14/08 12:09 49,414
8/21/08 11:42 65,892 <2.0 <2.0 <2.0 <2.0 2.1B <2.0 <2.0 <2.0
8/28/08 11:26 82,404
9/4/08 9:35 98,773 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
9/11/08 7:18 115,424
9/11/08 7:18 115,424
9/18/08 11:53 132,286 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
9/25/08 7:02 148,250
9/25/08 7:02 148,250
10/2/08 9:27 164,794 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/2/08 9:27 164,794 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/24/08 11:40 204,093 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
11/25/08 13:39 263,504
12/4/08 11:19 284,584
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Unit: (BVs) ug/L ug/L µg/l µg/l ug/L ug/L mg/l ug/L ug/l ug/L ug/l ug/l
1/17/07 15:30
1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 <2.0 <0.40 40 <2.0 2.8 <5.0 18 <20 <20
1/18/07 12:42 1,551
1/20/07 8:15 4,994
1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068
1/31/07 11:20 25,231
1/31/07 11:20 25,231
2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159
2/21/07 9:13 60,236 <2.0 8600 <10 42 <2.0 4.7 <5.0 12 <20 <20
2/22/07 12:37 62,084
2/28/07 10:59 71,248
3/7/07 10:11 84,060
3/14/07 9:57 96,689
3/21/07 10:49 109,950 <2.0 <10 40 <2.0 <2.0 <5.0 <10 <20 <20
3/28/07 10:13 122,719
3/29/07 10:30 124,715
4/4/07 10:32 137,137
4/11/07 10:20 151,169
4/18/07 9:05 164,846
4/25/07 11:23 178,890 <0.20 <5.0 0.71 0.77 46 <0.10 47 <0.10 3.2 9.2 <20 <20
4/25/07 11:23 178,890
5/2/07 10:34 193,212
5/9/07 10:00 207,542
5/16/07 11:52 219,846
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Unit: (BVs) ug/L ug/L µg/l µg/l ug/L ug/L mg/l ug/L ug/l ug/L ug/l ug/l
5/23/07 11:24 234,143 <0.20 47 0.73 43 <0.10 <0.10 3.3 19 <20 <20
5/30/07 11:08 249,116
5/30/07 11:08 249,116
6/8/07 11:08 267,967
8/10/07 16:45 0 <0.20 28 <0.40 40 45 <0.10 0.99 7.9 <20 92
8/31/07 13:05 20,252 <20 <20
8/31/07 13:05 20,252
9/5/07 10:16 30,295 <20 <20
9/12/07 14:25 44,970 <20 <20
9/19/07 12:45 59,218 <0.20 <5.0 0.70 45 <0.10 45 <0.10 3.2 10 <20 <20
9/26/07 13:55 71,408
10/3/07 12:50 83,238
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 <0.20 7.6 0.66 42 <0.10 46 <0.10 3.1 15 <20 <20
10/19/07 9:44 119,160
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346
11/9/07 7:38 166,760

11/14/07 12:30 177,050 <0.20 7.9 0.64 45 <0.10 47 <0.10 3.1 15 <20 <20
11/14/07 12:30 177,050
11/21/07 11:27 191,103
11/26/07 11:25 201,942

1/2/08 13:47 0 <0.20 <5.0 <0.40 41 <0.10 48 <0.10 <0.20 15 <20 <20
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991 <20 <20
1/9/08 12:33 16,991
1/16/08 14:15 33,680 <20 <20
1/23/08 13:08 50,139 <20 <20
1/23/08 13:08 50,139
1/30/08 8:07 66,304 <0.20 11 0.63 44 <0.10 47 <0.10 3.0 11 <20 40
2/4/08 10:04 78,458
2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ug/L ug/L µg/l µg/l ug/L ug/L mg/l ug/L ug/l ug/L ug/l ug/l
2/27/08 8:40 134,028 <0.20 <5.0 0.71 39 <0.10 46 <0.10 2.7 3.3 <20 <20
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639
3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 <0.20 <5.0 0.78 50 <0.10 47 <0.10 3.3 23 <20 <20
3/28/08 11:00 206,681
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415
4/14/08 12:43 246,639
7/24/08 11:30 0 <0.40 47 <20 <10
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073
7/31/08 11:43 16,503 <20 <10
8/7/08 8:41 32,575 <20 <10
8/7/08 8:41 32,575

8/14/08 12:09 49,414 <20 <10
8/21/08 11:42 65,892 <0.20 5.7 0.84 43 <0.10 <0.10 3.3 3.5 <20
8/28/08 11:26 82,404
9/4/08 9:35 98,773
9/11/08 7:18 115,424
9/11/08 7:18 115,424
9/18/08 11:53 132,286 <0.20 <5.0 0.68 41 <0.10 45 <0.10 3.2 9.6 <20 <10
9/25/08 7:02 148,250
9/25/08 7:02 148,250
10/2/08 9:27 164,794
10/2/08 9:27 164,794
10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 <0.20 5.0 0.67 38 <0.10 48 <0.10 3.4 7.5 <20 <10
10/24/08 11:40 204,093 <0.20 <5.0 0.65 38 <0.10 47 <0.10 3.3 7.6 <20 <10
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 <0.20 7.8 0.78 41 <0.10 46 <0.10 3.0 3.8 <20 <10
11/25/08 13:39 263,504
12/4/08 11:19 284,584
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Unit: (BVs) ug/L mg/l mg/l ug/l ug/l mg/l ug/l ug/l ug/l ug/l ug/l
1/17/07 15:30
1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 <0.10 <0.20 <0.20 <5.0 <5.0 <10 76 <50
1/18/07 12:42 1,551
1/20/07 8:15 4,994
1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068
1/31/07 11:20 25,231
1/31/07 11:20 25,231
2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159
2/21/07 9:13 60,236 <10 <10 <5.0 <5.0 <10 <30 <50
2/22/07 12:37 62,084
2/28/07 10:59 71,248
3/7/07 10:11 84,060
3/14/07 9:57 96,689
3/21/07 10:49 109,950 <0.10 <10 <10 <5.0 <5.0 <10 <30 <50
3/28/07 10:13 122,719
3/29/07 10:30 124,715
4/4/07 10:32 137,137
4/11/07 10:20 151,169
4/18/07 9:05 164,846
4/25/07 11:23 178,890 <0.10 1.8 <0.20 <0.20 25 <0.80 0.29 <0.50 0.70 <0.20
4/25/07 11:23 178,890
5/2/07 10:34 193,212
5/9/07 10:00 207,542
5/16/07 11:52 219,846
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Unit: (BVs) ug/L mg/l mg/l ug/l ug/l mg/l ug/l ug/l ug/l ug/l ug/l
5/23/07 11:24 234,143 <0.10 <10 <0.20 <0.80 0.49 <0.50 0.70 <0.20
5/30/07 11:08 249,116
5/30/07 11:08 249,116
6/8/07 11:08 267,967
8/10/07 16:45 0 <0.10 1.8 <0.20 0.75 25 0.83 0.83 0.52 <0.40 <0.20
8/31/07 13:05 20,252
8/31/07 13:05 20,252
9/5/07 10:16 30,295
9/12/07 14:25 44,970
9/19/07 12:45 59,218 <0.10 1.7 <0.20 <0.20 25 <0.80 0.35 <0.50 0.73 <0.20
9/26/07 13:55 71,408
10/3/07 12:50 83,238
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 <0.10 1.9 <0.20 <0.20 25 <0.80 0.45 <0.50 0.61 <0.20
10/19/07 9:44 119,160
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346
11/9/07 7:38 166,760

11/14/07 12:30 177,050 <0.10 1.8 <5.0 <0.20 25 0.80 0.51 <0.50 0.77 <0.20
11/14/07 12:30 177,050
11/21/07 11:27 191,103
11/26/07 11:25 201,942

1/2/08 13:47 0 <0.10 1.8 <5.0 <0.20 26 <0.80 0.57 <0.50 <0.40 <0.20
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991
1/9/08 12:33 16,991
1/16/08 14:15 33,680
1/23/08 13:08 50,139
1/23/08 13:08 50,139
1/30/08 8:07 66,304 <0.10 1.9 <0.20 0.40 26 0.97 0.41 <0.50 0.63 <0.20
2/4/08 10:04 78,458
2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ug/L
mg
/l

mg
/l ug/l ug/l mg/l ug/l ug/l ug/l ug/l ug/l

2/27/08 8:40 134,028 1.7 9.7 <0.20 <0.20 24 <0.80 <0.20 <0.50 <0.40 <0.20
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639

3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 1.8 <0.20 <0.20 26 <0.80 0.74 <0.50 0.83 <0.20
3/28/08 11:00 206,681
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415

4/14/08 12:43 246,639
7/24/08 11:30 0 2.0 <0.20 <0.20 24
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073

7/31/08 11:43 16,503
8/7/08 8:41 32,575
8/7/08 8:41 32,575

8/14/08 12:09 49,414
8/21/08 11:42 65,892 <.050 <0.20 <0.20 <0.80 <0.20 <0.50 0.51 <0.20
8/28/08 11:26 82,404

9/4/08 9:35 98,773
9/11/08 7:18 115,424
9/11/08 7:18 115,424

9/18/08 11:53 132,286 1.9 <5.0 <0.20 24 <0.80 0.30 <0.50 0.90 <0.20
9/25/08 7:02 148,250
9/25/08 7:02 148,250
10/2/08 9:27 164,794
10/2/08 9:27 164,794

10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 <0.050 2.0 <0.20 <0.20 22 <0.80 0.29 <0.50 0.64 <0.20
10/24/08 11:40 204,093 <0.050 1.8 <0.20 <0.20 21 <0.80 0.31 <0.50 0.64 <0.20
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 <0.050 1.9 <0.20 <0.20 25 <0.80 0.51 <0.50 0.66 <0.20
11/25/08 13:39 263,504
12/4/08 11:19 284,584
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Unit: (BVs) ug/l ug/l ug/L ug/l pCi/L pCi/L
1/17/07 15:30
1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 <0.20 <0.20 <5.0 <50 0.0
1/18/07 12:42 1,551
1/20/07 8:15 4,994
1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068
1/31/07 11:20 25,231
1/31/07 11:20 25,231
2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159
2/21/07 9:13 60,236 <0.20 <0.20 9.5 <50 0.0
2/22/07 12:37 62,084 115
2/28/07 10:59 71,248
3/7/07 10:11 84,060
3/14/07 9:57 96,689
3/21/07 10:49 109,950 0.47 0.48 10 <50 1.5 79
3/28/07 10:13 122,719
3/29/07 10:30 124,715
4/4/07 10:32 137,137
4/11/07 10:20 151,169
4/18/07 9:05 164,846
4/25/07 11:23 178,890 1.4 1.4 9.7 0.58
4/25/07 11:23 178,890
5/2/07 10:34 193,212
5/9/07 10:00 207,542
5/16/07 11:52 219,846
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Unit: (BVs) ug/l ug/l ug/L ug/l pCi/L pCi/L
5/23/07 11:24 234,143 1.9 2.0 15 3.1
5/30/07 11:08 249,116 214
5/30/07 11:08 249,116
6/8/07 11:08 267,967
8/10/07 16:45 0 <0.20 <0.20 27 0 200
8/31/07 13:05 20,252
8/31/07 13:05 20,252
9/5/07 10:16 30,295
9/12/07 14:25 44,970
9/19/07 12:45 59,218 0.57 0.57 10 0
9/26/07 13:55 71,408
10/3/07 12:50 83,238
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 1.7 1.6 17 4.9
10/19/07 9:44 119,160 85
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346
11/9/07 7:38 166,760

11/14/07 12:30 177,050 2.4 2.6 20 3.4
11/14/07 12:30 177,050
11/21/07 11:27 191,103
11/26/07 11:25 201,942

1/2/08 13:47 0 <0.20 <0.20 19 2.33
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784
1/9/08 12:33 16,991
1/9/08 12:33 16,991
1/16/08 14:15 33,680
1/23/08 13:08 50,139
1/23/08 13:08 50,139
1/30/08 8:07 66,304 1.1 1.1 19 9.5
2/4/08 10:04 78,458
2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ug/l ug/l ug/L ug/l pCi/L pCi/L
2/27/08 8:40 134,028 2.2 2.2 7.0 3.4 <75
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639
3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 2.5 2.7 16 4.6
3/28/08 11:00 206,681
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415
4/14/08 12:43 246,639
7/24/08 11:30 0 <0.20 0.14
7/24/08 11:35
7/24/08 11:50
7/28/08 9:49 9,073
7/31/08 11:43 16,503
8/7/08 8:41 32,575
8/7/08 8:41 32,575

8/14/08 12:09 49,414
8/21/08 11:42 65,892 1.1 1.1 7.5 1.6 196
8/28/08 11:26 82,404
9/4/08 9:35 98,773
9/11/08 7:18 115,424
9/11/08 7:18 115,424
9/18/08 11:53 132,286 2.2 2.1 9.8 0
9/25/08 7:02 148,250 <75
9/25/08 7:02 148,250
10/2/08 9:27 164,794
10/2/08 9:27 164,794
10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 1.8 1.9 8.8 0.296 149
10/24/08 11:40 204,093 1.8 1.8 8.6 0.587
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 2.3 2.4 9.2 0
11/25/08 13:39 263,504
12/4/08 11:19 284,584
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Unit: (BVs) ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l
1/17/07 15:30
1/17/07 15:31 2.6
1/17/07 15:32 4.8
1/17/07 15:34 6.9
1/17/07 15:35 10
1/17/07 15:39 17
1/17/07 15:51 26
1/17/07 16:01 39
1/17/07 16:01 39 ND ND
1/18/07 12:42 1,551
1/20/07 8:15 4,994
1/23/07 11:30 10,739
1/24/07 11:15 12,607
1/26/07 9:15 16,068
1/31/07 11:20 25,231
1/31/07 11:20 25,231
2/2/07 9:00 28,742
2/5/07 11:02 34,468
2/7/07 9:45 38,173
2/12/07 9:45 47,327
2/14/07 9:45 51,159
2/21/07 9:13 60,236 ND ND
2/22/07 12:37 62,084
2/28/07 10:59 71,248
3/7/07 10:11 84,060
3/14/07 9:57 96,689
3/21/07 10:49 109,950 ND ND
3/28/07 10:13 122,719
3/29/07 10:30 124,715
4/4/07 10:32 137,137
4/11/07 10:20 151,169
4/18/07 9:05 164,846
4/25/07 11:23 178,890 ND ND
4/25/07 11:23 178,890
5/2/07 10:34 193,212
5/9/07 10:00 207,542
5/16/07 11:52 219,846
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Unit: (BVs) ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l
5/23/07 11:24 234,143 ND ND
5/30/07 11:08 249,116
5/30/07 11:08 249,116
6/8/07 11:08 267,967
8/10/07 16:45 0 3.3 1.4 4 47 3.4 0.5 1.4
8/31/07 13:05 20,252
8/31/07 13:05 20,252
9/5/07 10:16 30,295
9/12/07 14:25 44,970
9/19/07 12:45 59,218 ND ND
9/26/07 13:55 71,408
10/3/07 12:50 83,238
10/10/07 15:49 99,295
10/10/07 15:49 99,295
10/17/07 13:05 114,929 ND ND ND ND ND ND ND
10/19/07 9:44 119,160
10/24/07 13:54 131,148
10/24/07 13:54 131,148
10/31/07 11:33 147,346
11/9/07 7:38 166,760

11/14/07 12:30 177,050 ND ND
11/14/07 12:30 177,050
11/21/07 11:27 191,103
11/26/07 11:25 201,942

1/2/08 13:47 0 ND ND
1/2/08 13:52 9
1/2/08 13:57 18
1/2/08 14:17 55
1/4/08 10:51 4,784 ND
1/9/08 12:33 16,991 ND
1/9/08 12:33 16,991
1/16/08 14:15 33,680 ND
1/23/08 13:08 50,139
1/23/08 13:08 50,139
1/30/08 8:07 66,304 ND
2/4/08 10:04 78,458
2/11/08 11:52 95,335
2/15/08 13:47 105,438
2/20/08 12:54 117,487
2/22/08 10:05 122,036
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Unit: (BVs) ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l
2/27/08 8:40 134,028 ND
2/27/08 8:40 134,028
3/3/08 13:45 146,639
3/3/08 13:45 146,639
3/12/08 10:04 167,816
3/17/08 11:17 179,959
3/28/08 11:00 206,681 ND
3/28/08 11:00 206,681
3/31/08 11:33 214,172
3/31/08 11:33 214,172
4/7/08 11:05 230,415
4/14/08 12:43 246,639
7/24/08 11:30 0 ND
7/24/08 11:35
7/24/08 11:50 ND
7/28/08 9:49 9,073 ND
7/31/08 11:43 16,503 ND
8/7/08 8:41 32,575
8/7/08 8:41 32,575

8/14/08 12:09 49,414
8/21/08 11:42 65,892 ND
8/28/08 11:26 82,404
9/4/08 9:35 98,773
9/11/08 7:18 115,424
9/11/08 7:18 115,424
9/18/08 11:53 132,286 ND
9/25/08 7:02 148,250
9/25/08 7:02 148,250
10/2/08 9:27 164,794
10/2/08 9:27 164,794
10/9/08 10:08 181,208
10/9/08 10:08 181,208
10/24/08 11:40 204,093 * 0.37
10/24/08 11:40 204,093 ND
10/30/08 9:54 218,394
11/6/08 9:54 234,636

11/13/08 10:26 251,133
11/25/08 13:39 263,504 * 11
11/25/08 13:39 263,504
12/4/08 11:19 284,584



Appendix C3:  Regeneration and Destruction Data

Sample Name
Date 

Sampled P
er

ch
lo

ra
te

N
itr

at
e

S
ul

fa
te

pH TD
S

TO
C

ug/l mg/l mg/l s.u. mg/l mg/l

1st 
Regen 
Round

Acid Wash Tank 10/29/2007 <1000 260 200 6.39 2200 14
Barrel #2 7/19/2007 5300 9100 1500 1.16 180000
Barrel #3 7/19/2007 1000000 54000 540
Barrel #4 7/19/2007 2700000 5900 770 0.12 190000
Barrel #6 7/19/2007 38000 <10 1200
Barrel #8 7/19/2007 3000 <10 1300 0.00 190000
Tank D 7/19/2007 2100
Tank E 7/19/2007 520 0.00 190000 37
Acid Rinse 7/19/2007 1.23 <10 4.7
DI Rinse (first) 7/20/2007 <0.50 <0.50 2.47 <10 4.7
Bicarbonate Rinse 7/24/2007 <0.50 0.69 8.09 7300 7.6
DI Rinse (second) 7/21/2007 <2.0 <0.50 <0.50 6.38 23 0.45

2nd 
Regen 
Round

Dilute Acid Backwash 12/19/2007 <200 600 640 1.26 18000 7.8
Tank A 12/19/2007
Tank C 12/21/2007 <4000 <1000 2700 <2 390000 8.1
Regen Barrel 4 12/21/2007 4500 1000 2600 <2 250000 90
Regen Drum-5 (from ESTCP#2) 7/11/2008
Regen Barrel 8 12/21/2007 240000 <1000 8300 <2 390000 47
Tank D 12/21/2007 26000 <1000 3800 <2 400000 9.7
Tank E 12/21/2007 7600 <1000 7100 <2 380000 5.8
Acid Rinse Barrel 8 12/21/2007 <2000 <500 <500 1.41 74000 130
2nd DI Rinse 12/19/2007 <2.0 <0.50 <0.50 4.77 <10 0.3
DI Blank 12/19/2007 <2.0 <0.50 <0.50 4.9 <10 0.32

3rd 
Regen 
Round

Pittsburgh Water Blank 6/6/2008 <2.0 0.5 11 7.76 250 <0.30
Backwash Initial (from ESTCP #3) 7/11/2008
Acid Wash(Pre Regen)(1st 2 BV) 6/23/2008
Acid Wash(Pre Regen)(BV 2-4) 6/23/2008
Acid Wash(Pre Regen)(BV 4-6) 6/23/2008
Acid Wash(Pre Regen)(BV 6-8) 6/23/2008
Acid Wash(Pre Regen)(BV 8-10) 6/23/2008
0.1N Acid Wash Comp (BV1-10) 7/9/2008 260 1000 1400 <2 640 20
Reactor Composite (21+22+26) 6/9/2008
Regen Solutions #5(Drum-9) 6/9/2008
Reactor Tank(Comp)(6/16-19/08) 6/24/2008
Regen Drum-2 (from ESTCP#3) 7/11/2008
Regen Drum-5 (from ESTCP#3) 7/11/2008
Regen Composite (Drum 3->10) 7/9/2008 140000 10000 5900 <2 90000 58
Tank-E Composite (BV5+6) 7/10/2008 22000 170 4400 <2 130000 21
Rinse Composite (1->8) 7/9/2008 7700 91 3700 <2 110000 7.6
Final Tap H2O Rinse 7/9/2008 <2.0 <0.50 90 8.11 600 <0.30
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mg/l mg/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l

1st 
Regen 
Round

Acid Wash Tank 750 <20 2.5 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 13
Barrel #2
Barrel #3
Barrel #4
Barrel #6
Barrel #8
Tank D
Tank E 300000 <20 16 7.1 17 <2.0 <2.0 <2.0 220 3.1
Acid Rinse 7100 <20 27 <4.0 42 <4.0 <4.0 <4.0 <4.0 <4.0
DI Rinse (first) 110 <0.10 12 <2.0 4.0 <2.0 <2.0 <2.0 12 2.8
Bicarbonate Rinse 2100 <0.10 12 <2.0 6.2 <2.0 <2.0 <2.0 16 52
DI Rinse (second) 2.9 <0.10 14 <2.0 3.0 <2.0 <2.0 <2.0 19 2.5

2nd 
Regen 
Round

Dilute Acid Backwash 2300 <10 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Tank A
Tank C 280000 <200 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Regen Barrel 4 18000 <100
Regen Drum-5 (from ESTCP#2) 310 <10 56 <10 270 87 15 730
Regen Barrel 8 260000 <200
Tank D 270000 <200
Tank E 270000 <200 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Acid Rinse Barrel 8 31000 <100 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
2nd DI Rinse 1.4 <0.10 4.6 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 6.7
DI Blank <0.50 <0.10 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

3rd 
Regen 
Round

Pittsburgh Water Blank 16 0.49 <2.0 <2.0 <2.0 <2.0 14 <2.0 <2.0 <2.0
Backwash Initial (from ESTCP #3) 2 <2.0 <2.0 <2.0 9 <2.0 <2.0 3.7
Acid Wash(Pre Regen)(1st 2 BV)
Acid Wash(Pre Regen)(BV 2-4)
Acid Wash(Pre Regen)(BV 4-6)
Acid Wash(Pre Regen)(BV 6-8)
Acid Wash(Pre Regen)(BV 8-10)
0.1N Acid Wash Comp (BV1-10) 3000 <5.0 100 <20 40 <20 99 <20 52 55
Reactor Composite (21+22+26) 64 <2.0 150 <2.0 240 <2.0 13 550
Regen Solutions #5(Drum-9) 110 <2.0 160 <2.0 220 <2.0 12 660
Reactor Tank(Comp)(6/16-19/08) 4300 <100 1500 <100 6400 <100 150 230
Regen Drum-2 (from ESTCP#3)
Regen Drum-5 (from ESTCP#3) 2500 <20 250 76 1100 230 250 190
Regen Composite (Drum 3->10) 230000 <100 220 <2.0 34 <2.0 45 11 21 26
Tank-E Composite (BV5+6) 290000 <100 2300 <20 37 <20 48 <20 40 28
Rinse Composite (1->8) 230000 <100 1500 <20 440 <20 1200 <20 87 69
Final Tap H2O Rinse 54 0.86 <2.0 <2.0 <2.0 <2.0 2.9 <2.0 <2.0 2.6
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µg/l µg/l µg/l µg/l µg/l µg/l

1st 
Regen 
Round

Acid Wash Tank ND <5.0 <5.0 <5.0 <5.0
Barrel #2
Barrel #3
Barrel #4
Barrel #6
Barrel #8
Tank D
Tank E ND <100 <100 <100 <100
Acid Rinse
DI Rinse (first) ND <5.0 <5.0
Bicarbonate Rinse ND <3.0 <5.0
DI Rinse (second) ND <3.0 <5.0

2nd 
Regen 
Round

Dilute Acid Backwash ND <5.0 <5.0 <5.0 <5.0
Tank A
Tank C ND <100 <100 <100 <100
Regen Barrel 4
Regen Drum-5 (from ESTCP#2)
Regen Barrel 8
Tank D
Tank E ND <100 <100 <100 <100
Acid Rinse Barrel 8
2nd DI Rinse ND <5.0 <5.0 <5.0 <5.0
DI Blank ND <5.0 <5.0 <5.0 <5.0

3rd 
Regen 
Round

Pittsburgh Water Blank <0.15 * <5.0 <5.0 15 <5.0
Backwash Initial (from ESTCP #3)
Acid Wash(Pre Regen)(1st 2 BV)
Acid Wash(Pre Regen)(BV 2-4)
Acid Wash(Pre Regen)(BV 4-6)
Acid Wash(Pre Regen)(BV 6-8)
Acid Wash(Pre Regen)(BV 8-10)
0.1N Acid Wash Comp (BV1-10) <0.15 ND <5.0 <5.0 <5.0 <5.0
Reactor Composite (21+22+26)
Regen Solutions #5(Drum-9)
Reactor Tank(Comp)(6/16-19/08) * 150 <40 <40 <40
Regen Drum-2 (from ESTCP#3)
Regen Drum-5 (from ESTCP#3)
Regen Composite (Drum 3->10) <15 ND <500 <500 <500 <500
Tank-E Composite (BV5+6) <15 ND <500 <500 <500 <500
Rinse Composite (1->8) <15 ND <500 <500 <500 <500
Final Tap H2O Rinse <0.15 ND <5.0 <5.0 <5.0 <5.0
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µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l

1st 
Regen 
Round

Acid Wash Tank ND <0.50 <0.50 <5.0 <0.50 <0.50 <0.50 <0.50 <0.50
Barrel #2
Barrel #3
Barrel #4
Barrel #6
Barrel #8
Tank D
Tank E * <5.0 <5.0 <50 47 <5.0 <5.0 <5.0 <5.0
Acid Rinse
DI Rinse (first) * <0.50 <0.50 <5.0 1.2 0.59 120 <0.50 <0.50
Bicarbonate Rinse * <0.50 <0.50 <5.0 0.67 <0.50 120 <0.50 3.0
DI Rinse (second) * <0.50 <0.50 <5.0 <0.50 <0.50 64 <0.50 3.0

2nd 
Regen 
Round

Dilute Acid Backwash * <0.50 <0.50 <5.0 <0.50 1.3 <0.50 <0.50 <0.50
Tank A * <10 <10 <100 470 <10 <10 10 <10
Tank C
Regen Barrel 4
Regen Drum-5 (from ESTCP#2)
Regen Barrel 8 * <10 <10 <100 200 <10 <10 <10 <10
Tank D
Tank E
Acid Rinse Barrel 8
2nd DI Rinse * <0.50 <0.50 <5.0 1.7 <0.50 9.8 <0.50 <0.50
DI Blank ND <0.50 <0.50 <5.0 <0.50 <0.50 <0.50 <0.50 <0.50

3rd 
Regen 
Round

Pittsburgh Water Blank ND <0.50 <0.50 <5.0 <0.50 <0.50 <0.50 <0.50 <0.50
Backwash Initial (from ESTCP #3) * <2.5 <2.5 <25 <2.5 <2.5 <2.5 <2.5 <2.5
Acid Wash(Pre Regen)(1st 2 BV)
Acid Wash(Pre Regen)(BV 2-4)
Acid Wash(Pre Regen)(BV 4-6)
Acid Wash(Pre Regen)(BV 6-8)
Acid Wash(Pre Regen)(BV 8-10)
0.1N Acid Wash Comp (BV1-10) ND <10 <10 <100 <10 <10 <10 <10 <10
Reactor Composite (21+22+26) * <2.5 <2.5 <25 160 3.1 2.4 <2.5 <2.5
Regen Solutions #5(Drum-9) * <25 <25 <250 850 <25 <25 <25 <25
Reactor Tank(Comp)(6/16-19/08) ND <10 <10 <100 <10 <10 <10 <10 <10
Regen Drum-2 (from ESTCP#3) * <2.5 <2.5 <25 <2.5 <2.5 <2.5 <2.5 <2.5
Regen Drum-5 (from ESTCP#3)
Regen Composite (Drum 3->10) * <10 <10 <100 140 <10 <10 <10 <10
Tank-E Composite (BV5+6) * <10 <10 <100 56 <10 <10 <10 <10
Rinse Composite (1->8) * <10 <10 <100 61 <10 <10 <10 <10
Final Tap H2O Rinse * <0.50 <0.50 <5.0 <0.50 <0.50 <0.50 <0.50 <0.50
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µg/l ug/l µg/l µg/l µg/l µg/l µg/l µg/l

1st 
Regen 
Round

Acid Wash Tank ND <0.50 <0.50 <5.0 <5.0 <0.50 <0.50 <0.50
Barrel #2
Barrel #3
Barrel #4
Barrel #6
Barrel #8
Tank D
Tank E * <5.0 <5.0 <5.0 <50 <5.0 <5.0 <5.0
Acid Rinse
DI Rinse (first) * 1.8 1.1 0.6 <5.0 <0.50 <0.50 <0.50
Bicarbonate Rinse * 5.3 5.5 2.8 <5.0 <0.50 <0.50 <0.50
DI Rinse (second) * 3.6 3.8 2.2 <5.0 <0.50 <0.50 <0.50

2nd 
Regen 
Round

Dilute Acid Backwash * <0.50 <0.50 <0.50 <5.0 <1.0 <0.50 <0.50
Tank A * <10 <10 <10 <100 <10 <10 <10
Tank C
Regen Barrel 4
Regen Drum-5 (from ESTCP#2)
Regen Barrel 8 * <10 <10 <10 <100 <20 <10 <10
Tank D
Tank E
Acid Rinse Barrel 8
2nd DI Rinse * 1.1 0.5 <0.50 <5.0 <1.0 <0.50 <0.50
DI Blank ND <0.50 <0.50 <5.0 <5.0 <0.50 <0.50 <0.50

3rd 
Regen 
Round

Pittsburgh Water Blank ND <0.50 <0.50 <0.50 <5.0 <1.0 <0.50 <0.50
Backwash Initial (from ESTCP #3) * <2.5 <2.5 <2.5 <25 <5.0 <2.5 3.2
Acid Wash(Pre Regen)(1st 2 BV)
Acid Wash(Pre Regen)(BV 2-4)
Acid Wash(Pre Regen)(BV 4-6)
Acid Wash(Pre Regen)(BV 6-8)
Acid Wash(Pre Regen)(BV 8-10)
0.1N Acid Wash Comp (BV1-10) ND <10 <10 <10 <100 <20 <10 <10
Reactor Composite (21+22+26) * 0.8 <2.5 <2.5 <25 <5.0 <2.5 <2.5
Regen Solutions #5(Drum-9) * <25 <25 <25 <250 <50 <25 <25
Reactor Tank(Comp)(6/16-19/08) ND <10 <10 <10 <100 <20 <10 <10
Regen Drum-2 (from ESTCP#3) * <2.5 <2.5 <2.5 <25 <5.0 <2.5 1.8J
Regen Drum-5 (from ESTCP#3)
Regen Composite (Drum 3->10) * <10 <10 <10 <100 <20 <10 <10
Tank-E Composite (BV5+6) * <10 <10 <10 <100 <20 <10 <10
Rinse Composite (1->8) * <10 <10 <10 <100 <20 <10 <10
Final Tap H2O Rinse * <0.50 <0.50 <0.50 <5.0 <1.0 <0.50 <0.50
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1st 
Regen 
Round

Acid Wash Tank 390 <0.20 8.9 18 0.1 <0.10 300
Barrel #2
Barrel #3
Barrel #4
Barrel #6
Barrel #8
Tank D
Tank E 160000 <10 330 330 110 <5.0 <5.0 16000
Acid Rinse
DI Rinse (first)
Bicarbonate Rinse
DI Rinse (second) 20 <0.20 <0.40 0.54 <0.10 <0.10 0.52

2nd 
Regen 
Round

Dilute Acid Backwash 3.5
Tank A
Tank C 39000 <40 640 220 <20 65 <20 31000
Regen Barrel 4
Regen Drum-5 (from ESTCP#2)
Regen Barrel 8
Tank D
Tank E 39000 <40 610 210 <20 65 <20 31000
Acid Rinse Barrel 8
2nd DI Rinse <5.0 <0.20 <0.40 <0.40 <0.50 <0.10 1.6 <0.10 <0.20
DI Blank <5.0 <0.20 <0.40 <0.40 <0.50 <0.10 <0.10 <0.10 0.22

3rd 
Regen 
Round

Pittsburgh Water Blank 83 <0.20 41 88 <0.10 <0.10 <0.20
Backwash Initial (from ESTCP #3)
Acid Wash(Pre Regen)(1st 2 BV)
Acid Wash(Pre Regen)(BV 2-4)
Acid Wash(Pre Regen)(BV 4-6)
Acid Wash(Pre Regen)(BV 6-8)
Acid Wash(Pre Regen)(BV 8-10)
0.1N Acid Wash Comp (BV1-10) 740 <1.0 62 100 <0.50 <0.50 320
Reactor Composite (21+22+26)
Regen Solutions #5(Drum-9)
Reactor Tank(Comp)(6/16-19/08)
Regen Drum-2 (from ESTCP#3)
Regen Drum-5 (from ESTCP#3)
Regen Composite (Drum 3->10) 43000 75 760 270 <20 <20 36000
Tank-E Composite (BV5+6) 50000 <40 820 250 <20 <20 42000
Rinse Composite (1->8) 27000 <40 680 200 <20 <20 26000
Final Tap H2O Rinse 80 <0.20 15 59 <0.10 <0.10 <0.10
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1st 
Regen 
Round

Acid Wash Tank 57 <20 19000 0.14 56 57
Barrel #2
Barrel #3
Barrel #4
Barrel #6
Barrel #8
Tank D
Tank E 16000 7E+07 7E+07 38 240000 6600
Acid Rinse
DI Rinse (first)
Bicarbonate Rinse
DI Rinse (second) <0.50 230 <0.10 0.71 <0.80

2nd 
Regen 
Round

Dilute Acid Backwash 11000 12000 <0.10 48
Tank A
Tank C 29000 6E+07 6E+07 260 <0.50 260000 250000 13 12000
Regen Barrel 4
Regen Drum-5 (from ESTCP#2)
Regen Barrel 8
Tank D
Tank E 28000 6E+07 6E+07 250 <0.50 250000 240000 18 12000
Acid Rinse Barrel 8
2nd DI Rinse <0.50 170 470 <0.10 0.13 5.8 0.98 <0.50 <0.80
DI Blank 1.1 <20 <20 <0.10 <0.10 <0.20 <0.20 <0.50 <0.80

3rd
Regen 
Round

Pittsburgh Water Blank <0.50 <20 <20 <0.050 9 9 9.8
Backwash Initial (from ESTCP #3)
Acid Wash(Pre Regen)(1st 2 BV)
Acid Wash(Pre Regen)(BV 2-4)
Acid Wash(Pre Regen)(BV 4-6)
Acid Wash(Pre Regen)(BV 6-8)
Acid Wash(Pre Regen)(BV 8-10)
0.1N Acid Wash Comp (BV1-10) 110 3200 3100 88 88
Reactor Composite (21+22+26)
Regen Solutions #5(Drum-9)
Reactor Tank(Comp)(6/16-19/08)
Regen Drum-2 (from ESTCP#3)
Regen Drum-5 (from ESTCP#3)
Regen Composite (Drum 3->10) 34000 4E+07 4E+07 270000 260000 14000
Tank-E Composite (BV5+6) 34000 6E+07 6E+07 320000 320000 16000
Rinse Composite (1->8) 23000 5E+07 5E+07 190000 190000 9800
Final Tap H2O Rinse <0.50 230 47 4.5 4.3 7.1



Sample Name
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(a
nt

im
on

y)
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l Z
n

G
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ss
 A

lp
ha

ug/l ug/l ug/l ug/l ug/l ug/l ug/l ug/l pCi/L

1st 
Regen 
Round

Acid Wash Tank 23 16 <0.50 <0.20 2000 19000 34 4520
Barrel #2
Barrel #3
Barrel #4
Barrel #6
Barrel #8
Tank D
Tank E 68 16 75 <10 32 32 3300 1100
Acid Rinse
DI Rinse (first)
Bicarbonate Rinse
DI Rinse (second) <0.20 <0.40 <0.50 <0.20 <0.20 <5.0 0

2nd 
Regen 
Round

Dilute Acid Backwash 13000 13000 4840
Tank A
Tank C 120 <80 270 <250 <40 <100 <100 5800 550
Regen Barrel 4
Regen Drum-5 (from ESTCP#2)
Regen Barrel 8
Tank D
Tank E 130 <80 340 <250 <40 <100 <100 5900
Acid Rinse Barrel 8
2nd DI Rinse <0.20 <0.40 <0.50 <0.20 <0.20 <0.20 <5.0 1.6
DI Blank <0.20 <0.40 <0.50 <0.20 <0.20 <0.20 <5.0 1.9

3rd 
Regen 
Round

Pittsburgh Water Blank <0.20 0.49 18 <0.20 0.86 0.85 <5.0 1.6
Backwash Initial (from ESTCP #3)
Acid Wash(Pre Regen)(1st 2 BV) 74000
Acid Wash(Pre Regen)(BV 2-4) 27000
Acid Wash(Pre Regen)(BV 4-6) 520
Acid Wash(Pre Regen)(BV 6-8) 190
Acid Wash(Pre Regen)(BV 8-10) 180
0.1N Acid Wash Comp (BV1-10) 7.1 28 7.7 <1.0 20000 20000 43 11800
Reactor Composite (21+22+26)
Regen Solutions #5(Drum-9)
Reactor Tank(Comp)(6/16-19/08)
Regen Drum-2 (from ESTCP#3)
Regen Drum-5 (from ESTCP#3)
Regen Composite (Drum 3->10) 150 <80 190 <40 280 290 5400 750
Tank-E Composite (BV5+6) 160 <80 680 <40 180 180 6200 0.78
Rinse Composite (1->8) 89 <80 230 <40 180 190 4100 1200
Final Tap H2O Rinse <0.20 <0.40 0.95 <0.20 <0.20 <0.20 <5.0



Destruction Data

Sample Name
Date 

Sampled P
er

ch
lo

ra
te

N
itr

at
e

S
ul

fa
te

pH TD
S

TO
C

ug/l mg/l mg/l mg/l mg/l

1st 
Destruction 

Round

DI Water 10/29/2007 <2.0 <0.50 <0.50 6.05 <10 <0.30
Feedstock 10/15/2007 510000 5500 7400 2.00 220000 33

10-12' Destruction Solution 10/12/2007 2900 1400 5500 2.00 220000 3.4

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) 3/24/2008 380000 1900 4500 <2 730000 8.3
Reactor Out (160/20) 3/19/2008 130000 340 4000 <2 670000 1.6
Reactor Out(160/40) 3/20/2008 160000 560 2400 <2 610000 5.8
Reactor Out (170/40) 3/20/2008 21000 480 5200 <2 520000 4.3
Reactor Out(170/20) 3/21/2008 130000 810 5500 <2 600000 5.2
Reactor Out(180/40) 3/24/2008 2900 590 13000 <2 560000 4.2
Reactor Out(180/20) 3/24/2008 <10000 370 5100 <2 590000 4.2
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e
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e

N
-

N
itr

os
od

im
et

hy
la

m
i

ne
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-
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-

N
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N
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N
-
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N
-
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N
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id
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e 

N
-N

itr
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od
i-n

-
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ty
la

m
in

e

mg/l mg/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l ng/l

1st 
Destruction 

Round

DI Water <0.50 <0.10 7.5 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Feedstock 230000 <100 8400 890 8.9

10-12' Destruction Solution 230000 <100 420 28 <4

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) 280000 <200 4800 <100 530 <100 2000 <100 220 3300
Reactor Out (160/20) 240000 <100 12 <2.0 <2.0 <2.0 <2.0 47 5.5 1400
Reactor Out(160/40) 290000 <200 2100 <100 890 <100 1600 <100 <100 1600
Reactor Out (170/40) 270000 <200 670 <2.0 2400 4.4 54 150 38 1100
Reactor Out(170/20) 310000 <200 250 14 <10 <10 160 56 44 550
Reactor Out(180/40) 240000 <200 <2.0 <2.0 <2.0 <2.0 <2.0 59 16 310
Reactor Out(180/20) 300000 <200 180 <2.0 270 3 54 870 120 16000



Sample Name O
rg

an
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u
s 

P
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id
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l S
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C
s

B
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B
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-
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er

B
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(2
-
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l)p
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te

D
ie

th
yl

ph
ta

la
te

µg/l µg/l µg/l µg/l µg/l µg/l

1st 
Destruction 

Round

DI Water ND <5.0 <5.0 <5.0 <5.0
Feedstock ND <5.0 <5.0 <5.0 <5.0
10-12' Destruction 
Solution <5.0 <5.0 7.0 5.0

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) <0.15 * 75 <50 100 <50
Reactor Out (160/20) <1.5 * 55 100 <50 <50
Reactor Out(160/40) <1.5 * 140 140 <50 <50
Reactor Out (170/40) <0.15 * 61 84 <50 <50
Reactor Out(170/20) <0.15 * <50 210 <50 <50
Reactor Out(180/40) <0.15 * 130 70 <50 <50
Reactor Out(180/20) <0.15 * 95 95 <50 <50

Sample Name

To
ta

l V
O

C
s

1,
2,

3-
Tr

ic
hl

or
ob

en
ze

ne

1,
2,

4-
Tr

ic
hl

or
ob

en
ze

ne

2-
B

ut
an

on
e

C
hl

or
om

et
ha

ne

M
et

hy
le

ne
 C

hl
or

id
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or
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C
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D
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e

B
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m
om

et
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ne

B
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m
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ic
hl
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om

et
h

an
e

µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l ug/l

1st 
Destruction 

Round

DI Water ND <0.50 <0.50 <5.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Feedstock * 1.7 15 <5.0 47 <0.50 2.3 <0.50 <0.50 8 2.4 <0.50
10-12' Destruction 
Solution * <10 <10 <100 3600 <10 <10 <10 <10 390 120 <10

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) * <10 <10 <100 23 <10 <10 <10 <10 13 <10 <10
Reactor Out (160/20) * <10 <10 <100 1400 <10 <10 <10 <10 90 77 <10
Reactor Out(160/40) * <10 <10 <100 1700 <10 <10 <10 <10 120 11 <10
Reactor Out (170/40) * <10 <10 <100 1500 <10 <10 <10 <10 170 12 <10
Reactor Out(170/20) * <10 <10 <100 1400 24 <10 <10 <10 160 61 <10
Reactor Out(180/40) * <10 <10 <100 1500 <10 <10 <10 <10 190 52 <10
Reactor Out(180/20) * <10 <10 <100 1900 <10 <10 <10 <10 220 26 <10



Sample Name
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C
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D
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m
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B
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m
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-
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on

e

m
,p

-X
yl
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e

o-
D
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hl
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ne

To
lu

en
e

µg/l µg/l µg/l µg/l µg/l µg/l µg/l

1st 
Destruction 

Round

DI Water ND <0.50 <5.0 <5.0 <0.50 <0.50 <0.50
Feedstock * 0.53 0.71 8.8 <1.0 2.9 <0.50
10-12' Destruction 
Solution * <10 <10 <100 30 <10 <10

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) * <10 <10 <100 <20 <10 <10
Reactor Out (160/20) * <10 <10 <100 <20 <10 <10
Reactor Out(160/40) * <10 <10 <100 <20 <10 <10
Reactor Out (170/40) * <10 <10 <100 <20 <10 <10
Reactor Out(170/20) * <10 <10 <100 <20 <10 <10
Reactor Out(180/40) * <10 <10 <100 <20 <10 <10
Reactor Out(180/20) * <10 <10 <100 <20 <10 <10

Sample Name

To
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l
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l A
g

D
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lv

ed
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s

To
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l A
s
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ta

l B
a
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l B
e

C
al
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um

To
ta

l C
ad

m
iu

m

To
ta

l C
r

To
ta

l C
u

ug/l ug/l ug/l ug/l ug/l ug/l mg/l ug/l ug/l ug/l

1st 
Destruction 

Round

DI Water <5.0 <0.20 <0.40 <0.50 <0.10 <0.10 <0.20 <0.50
Feedstock 77000 50 360 210 <20 6 49000 35000
10-12' Destruction 
Solution 78000 52 380 210 <20 5 49000 36000

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) 66000 <50 320 180 <25 <25 44000 31000
Reactor Out (160/20) 61000 <80 570 200 <40 <40 38000 28000
Reactor Out(160/40) 67000 <50 340 190 <25 <25 44000 32000
Reactor Out (170/40) 65000 <50 340 180 <25 <25 43000 31000
Reactor Out(170/20) 72000 <50 350 190 <25 <25 47000 33000
Reactor Out(180/40) 60000 <50 310 170 <25 <25 40000 29000
Reactor Out(180/20) 70000 <50 350 190 <25 <25 46000 33000
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a
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l N
i
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l P
b
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l S
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m

ug/l ug/L ug/l ug/l ug/l ug/l mg/l ug/l ug/l ug/l

1st 
Destruction 

Round

DI Water <20 <20 0.17 <5.0 <0.80 <0.20 <0.40
Feedstock 8E+07 8E+07 3.5 420000 420000 18000 200 <20
10-12' Destruction 
Solution 8E+07 8E+07 3.8 410000 400000 18000 200 <20

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) 7E+07 7E+07 52 390000 390000 16000 180 <100
Reactor Out (160/20) 8E+07 8E+07 40 330000 340000 15000 180 <160
Reactor Out(160/40) 7E+07 8E+07 56 390000 370000 17000 170 <100
Reactor Out (170/40) 7E+07 7E+07 54 380000 370000 16000 170 <100
Reactor Out(170/20) 8E+07 8E+07 57 410000 390000 17000 180 <100
Reactor Out(180/40) 7E+07 7E+07 47 350000 350000 15000 160 <100
Reactor Out(180/20) 8E+07 8E+07 56 400000 400000 17000 190 <100
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lp
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ug/l ug/l ug/l ug/l ug/l ug/l pCi/L

1st 
Destruction 

Round

DI Water <0.50 <0.20 0.63 <5.0
Feedstock 1200 <10 150 150 3900
10-12' Destruction 
Solution 1200 <10 150 160 4200

2nd 
Destruction 

Run

Reactor Feed 
(3/24/08)(13:00) 1100 <50 85 85 4000 1600
Reactor Out (160/20) 1000 <80 80 80 5000 350
Reactor Out(160/40) 1200 <50 82 88 4200 5300
Reactor Out (170/40) 1200 <50 85 85 4100 1400
Reactor Out(170/20) 1200 <50 88 95 4300 2000
Reactor Out(180/40) 1000 <50 78 80 3700 2400
Reactor Out(180/20) 1200 <50 90 92 4400 3800



Nitrosamine Detection Limits and Reporting Limits 

ANALYTE CASNUMBER DL RL UNITS 

N-Nitrosodimethylamine 62-75-9 0.40 2.0 ng/l 

N-Nitrosomethylethylamine 10595-95-6 0.43 2.0 ng/l 

N-Nitrosodiethylamine 55-18-5 0.70 2.0 ng/l 

N-Nitrosodi-n-propylamine 621-64-7 0.51 2.0 ng/l 

N-Nitrosomorpholine 59-89-2 0.78 2.0 ng/l 

N-Nitrosopyrrolidine 930-55-2 0.20 2.0 ng/l 

N-Nitrosopiperidine 100-75-4 0.43 2.0 ng/l 

N-Nitrosodi-n-butylamine 924-16-3 0.50 2.0 ng/l 

 



SVOC Detection Limits and Reporting Limits 

ANALYTE CASNUMBER DL RL UNITS 

Pyridine 110-86-1 0.49 5.0 ug/l 

Bis(2-chloroisopropyl)ether 39638-32-9 0.48 5.0 ug/l 

Aniline 62-53-3 0.63 5.0 ug/l 

Benzyl alcohol 100-51-6 0.55 5.0 ug/l 

3 & 4-Methylphenol 106-44-5 0.30 5.0 ug/l 

N-Nitrosodi-n-propylamine 621-64-7 0.41 5.0 ug/l 

Hexachloroethane 67-72-1 0.36 5.0 ug/l 

Nitrobenzene 98-95-3 0.37 5.0 ug/l 

Isophorone 78-59-1 0.33 5.0 ug/l 

2-Nitrophenol 88-75-5 0.84 10 ug/l 

2,4-Dimethylphenol 105-67-9 0.80 5.0 ug/l 

Bis(2-chloroethoxy)methane 111-91-1 0.40 5.0 ug/l 

2,4-Dichlorophenol 120-83-2 0.77 5.0 ug/l 

N-Nitrosodimethylamine 62-75-9 0.36 5.0 ug/l 

1,2,4-Trichlorobenzene 120-82-1 0.26 5.0 ug/l 

Naphthalene 91-20-3 0.35 5.0 ug/l 

4-Chloroaniline 106-47-8 1.1 5.0 ug/l 

Benzoic acid 65-85-0 51 100 ug/l 

Hexachlorobutadiene 87-68-3 0.41 5.0 ug/l 

4-Chloro-3-methylphenol 59-50-7 0.40 5.0 ug/l 

2-Methylnaphthalene 91-57-6 0.30 5.0 ug/l 

Hexachlorocyclopentadiene 77-47-4 14 20 ug/l 

2,4,6-Trichlorophenol 88-06-2 0.88 10 ug/l 

2,4,5-Trichlorophenol 95-95-4 0.29 5.0 ug/l 

Phenol 108-95-2 0.30 5.0 ug/l 

2-Chloronaphthalene 91-58-7 0.26 5.0 ug/l 

2-Nitroaniline 88-74-4 0.23 5.0 ug/l 

Acenaphthylene 208-96-8 0.26 5.0 ug/l 

Dimethyl phthalate 131-11-3 0.26 5.0 ug/l 

2,6-Dinitrotoluene 606-20-2 0.24 5.0 ug/l 

3-Nitroaniline 99-09-2 0.34 5.0 ug/l 

Acenaphthene 83-32-9 0.31 5.0 ug/l 

2,4-Dinitrophenol 51-28-5 1.4 10 ug/l 

Dibenzofuran 132-64-9 0.33 5.0 ug/l 

2,4-Dinitrotoluene 121-14-2 0.40 5.0 ug/l 

Bis(2-chloroethyl)ether 111-44-4 0.46 5.0 ug/l 

4-Nitrophenol 100-02-7 1.0 10 ug/l 

Fluorene 86-73-7 0.28 5.0 ug/l 

4-Chlorophenyl phenyl ether 7005-72-3 0.24 5.0 ug/l 

Diethyl phthalate 84-66-2 0.23 5.0 ug/l 

4-Nitroaniline 100-01-6 0.55 5.0 ug/l 

N-Nitrosodiphenylamine 86-30-6 0.23 5.0 ug/l 

4,6-Dinitro-2-methylphenol 534-52-1 0.33 10 ug/l 

Azobenzene 103-33-3 0.30 5.0 ug/l 

1,2-Diphenylhydrazine 122-66-7 0.30 5.0 ug/l 



4-Bromophenyl phenyl ether 101-55-3 0.23 5.0 ug/l 

2-Chlorophenol 95-57-8 0.71 5.0 ug/l 

Hexachlorobenzene 118-74-1 0.15 5.0 ug/l 

Pentachlorophenol 87-86-5 0.56 5.0 ug/l 

Phenanthrene 85-01-8 0.25 5.0 ug/l 

Anthracene 120-12-7 0.28 5.0 ug/l 

Benzidine 92-87-5 3.2 10 ug/l 

Di-n-butyl phthalate 84-74-2 0.53 5.0 ug/l 

1,3-Dichlorobenzene 541-73-1 0.36 5.0 ug/l 

Carbazole 86-74-8 0.50 5.0 ug/l 

Fluoranthene 206-44-0 0.16 5.0 ug/l 

Pyrene 129-00-0 0.16 5.0 ug/l 

1,4-Dichlorobenzene 106-46-7 0.32 5.0 ug/l 

Butyl benzyl phthalate 85-68-7 0.29 5.0 ug/l 

Benzo (a) anthracene 56-55-3 0.19 5.0 ug/l 

Chrysene 218-01-9 0.25 5.0 ug/l 

3,3´-Dichlorobenzidine 91-94-1 1.5 5.0 ug/l 

Bis(2-ethylhexyl)phthalate 117-81-7 0.21 5.0 ug/l 

1,2-Dichlorobenzene 95-50-1 0.30 5.0 ug/l 

Di-n-octyl phthalate 117-84-0 0.28 5.0 ug/l 

Benzo (b) fluoranthene 205-99-2 0.16 5.0 ug/l 

Benzo (k) fluoranthene 207-08-9 0.23 5.0 ug/l 

Benzo (a) pyrene 50-32-8 0.20 5.0 ug/l 

Indeno (1,2,3-cd) pyrene 193-39-5 0.32 5.0 ug/l 

Dibenzo (a,h) anthracene 53-70-3 0.32 5.0 ug/l 

Benzo (g,h,i) perylene 191-24-2 0.31 5.0 ug/l 

2-Methylphenol 95-48-7 0.48 5.0 ug/l 

 



VOC Detection Limits and Reporting Limits. 

ANALYTE CASNUMBER DL RL UNITS 
Methylene chloride 75-09-2 0.15 0.50 ug/l 
trans-1,2-Dichloroethene 156-60-5 0.18 0.50 ug/l 
Methyl tert-butyl ether (MTBE) 1634-04-4 1.1 3.0 ug/l 
1,1-Dichloroethane 75-34-3 0.15 0.50 ug/l 
Di-isopropyl ether 108-20-3 1.3 3.0 ug/l 
Ethyl tert-butyl ether 637-92-3 1.3 3.0 ug/l 
2-Butanone 78-93-3 1.9 5.0 ug/l 
2,2-Dichloropropane 594-20-7 0.16 0.50 ug/l 
cis-1,2-Dichloroethene 156-59-2 0.18 0.50 ug/l 
Bromochloromethane 74-97-5 0.20 0.50 ug/l 
Dichlorodifluoromethane (Freon 12) 75-71-8 0.26 0.50 ug/l 
Chloroform 67-66-3 0.17 0.50 ug/l 
1,1,1-Trichloroethane 71-55-6 0.15 0.50 ug/l 
Carbon tetrachloride 56-23-5 0.18 0.50 ug/l 
1,1-Dichloropropene 563-58-6 0.16 0.50 ug/l 
Benzene 71-43-2 0.15 0.50 ug/l 
1,2-Dichloroethane 107-06-2 0.14 0.50 ug/l 
Tert-amyl methyl ether 994-05-8 1.2 3.0 ug/l 
Trichloroethene 79-01-6 0.18 0.50 ug/l 
1,2-Dichloropropane 78-87-5 0.15 0.50 ug/l 
Chloromethane 74-87-3 0.20 0.50 ug/l 
Dibromomethane 74-95-3 0.18 0.50 ug/l 
Bromodichloromethane 75-27-4 0.13 0.50 ug/l 
cis-1,3-Dichloropropene 10061-01-5 0.16 0.50 ug/l 
4-Methyl-2-pentanone 108-10-1 1.5 5.0 ug/l 
2-Chloroethyl vinyl ether 110-75-8 0.35 1.0 ug/l 
Toluene 108-88-3 0.15 0.50 ug/l 
trans-1,3-Dichloropropene 10061-02-6 0.17 0.50 ug/l 
1,1,2-Trichloroethane 79-00-5 0.22 0.50 ug/l 
Tetrachloroethene 127-18-4 0.26 0.50 ug/l 
1,3-Dichloropropane 142-28-9 0.14 0.50 ug/l 
Vinyl chloride 75-01-4 0.18 0.50 ug/l 
Dibromochloromethane 124-48-1 0.19 0.50 ug/l 
2-Hexanone 591-78-6 0.18 5.0 ug/l 
Chlorobenzene 108-90-7 0.16 0.50 ug/l 
1,1,1,2-Tetrachloroethane 630-20-6 0.17 0.50 ug/l 
Ethylbenzene 100-41-4 0.17 0.50 ug/l 
m,p-Xylene 1330-20-7 0.37 1.0 ug/l 
o-Xylene 95-47-6 0.19 0.50 ug/l 
Styrene 100-42-5 0.16 0.50 ug/l 
Bromoform 75-25-2 0.17 0.50 ug/l 
Bromomethane 74-83-9 0.21 0.50 ug/l 
Isopropylbenzene 98-82-8 0.17 0.50 ug/l 
Bromobenzene 108-86-1 0.18 0.50 ug/l 
1,1,2,2-Tetrachloroethane 79-34-5 0.18 0.50 ug/l 



1,2,3-Trichloropropane 96-18-4 0.15 0.50 ug/l 
n-Propylbenzene 103-65-1 0.15 0.50 ug/l 
2-Chlorotoluene 95-49-8 0.18 0.50 ug/l 
4-Chlorotoluene 106-43-4 0.17 0.50 ug/l 
1,3,5-Trimethylbenzene 108-67-8 0.15 0.50 ug/l 
tert-Butylbenzene 98-06-6 0.14 0.50 ug/l 
Chloroethane 75-00-3 0.18 0.50 ug/l 
1,2,4-Trimethylbenzene 95-63-6 0.16 0.50 ug/l 
sec-Butylbenzene 135-98-8 0.15 0.50 ug/l 
m-Dichlorobenzene 541-73-1 0.21 0.50 ug/l 
p-Isopropyltoluene 99-87-6 0.17 0.50 ug/l 
p-Dichlorobenzene 106-46-7 0.17 0.50 ug/l 
o-Dichlorobenzene 95-50-1 0.17 0.50 ug/l 
n-Butylbenzene 104-51-8 0.15 0.50 ug/l 
1,2,4-Trichlorobenzene 120-82-1 0.19 0.50 ug/l 
Trichlorofluoromethane 75-69-4 0.20 5.0 ug/l 
Hexachlorobutadiene 87-68-3 0.16 0.50 ug/l 
Naphthalene 91-20-3 0.21 0.50 ug/l 
1,2,3-Trichlorobenzene 87-61-6 0.16 0.50 ug/l 
Xylenes (total) 1330-20-7 0.29 0.50 ug/l 
1,3 Dichloropropene (Total) 542-75-6 0.10 0.50 ug/l 
Freon 113 76-13-1 1.6 5.0 ug/l 
1,1-Dichloroethene 75-35-4 0.21 0.50 ug/l 
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