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Executive Summary 

 

This project was funded by the Association of California Water Agencies to inform the 
drinking water community about arsenic residuals disposal issues and costs as a result of 
new regulatory standards.  The report addresses the spectrum of issues related to arsenic 
residuals management, from quantification of liquid and solid-phase residuals to 
technology selection for arsenic control to regulatory framework for residuals disposal 
and the ultimate fate of arsenic in the environment.   
The revised Federal arsenic MCL of 10 µg/L will have significant impacts on water 
utilities in the State of California that will need to install or modify treatment to remove 
arsenic.  These impacts will be manifest in terms of greater capital and operational costs, 
as well as increased system operational complexity.  Cost impacts facing California 
utilities will be sharply higher than those facing systems with comparable arsenic 
treatment needs in the rest of the country as identified by USEPA in their recent 
deliberations of the costs for compliance with the new arsenic standard (NDWAC, 2001).  
This difference is primarily due to the more burdensome residuals management and 
disposal framework in the state, which results in:  

 more onerous disposal permitting requirements accompanied by higher permitting 
fees and taxes,  

 fewer liquid residual discharge options and tighter discharge limits than typically 
encountered elsewhere in the United States,       

 hazardous residuals characterization definitions that are much more rigorous than 
those used in the remainder of the country, and  

 much higher transportation and disposal fees for solid residuals if they are deemed 
hazardous 

Using best available information, it appears that any arsenic treatment technology could 
produce a residual that would be designated as hazardous in California.  Because no 
treatment facilities have yet been installed in response to the lower arsenic MCL, it is not 
possible to utilize full-scale experience to compute residuals disposal cost impacts.  
However, sufficient knowledge exists to quantify the volumes and characteristics of such 
residuals, and the subsequent cost of disposal.   

A review of the most recent California Department of Health Services (DHS) monitoring 
database found that groundwater systems represent an overwhelming majority of systems 
impacted by a given arsenic MCL.  For an MCL of 10 µg/L, 10% of groundwater points 
of entry (POEs) are likely to be impacted when all cases with more than 80% of the MCL 
value as an annual average are identified.  The increase in impacted groundwater systems 
progresses to 14%, 19%, 29% and 47% when the arsenic MCL condition is lowered to 8, 
6, 4, and 2 µg/L, respectively.  

The average system-level cost for residuals disposal was estimated for various water 
system size categories consistent with those used for national cost estimation (Table 
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ES.1).  The analysis compared disposal costs using Activated Alumina (AA) versus 
Granular Ferric Hydroxide (GFH) as the sorbent technology where determined feasible.  
Beyond sorbent technologies, this analysis found that anion exchange would be necessary 
for arsenic removal in 15% of California groundwater systems.  In the case of anion 
exchange, both California and Federal hazard criteria are expected to be exceeded in the 
waste brine.  The cost of waste brine disposal was found to significantly impact the 
system-wide average disposal costs in both cases.  The additionally technologies 
considered to be used by California systems affected by alternative arsenic MCLs 
included modified coagulation-based treatment for iron/manganese removal facilities, 
coagulation-assisted microfiltration, and higher pressure membrane technologies.  These 
technologies are comparable to those considered by the USEPA in their national 
assessment of technology applications for arsenic control. 

 
Table ES.1 – System-level cost estimate for arsenic residual disposal by all  POEs 

that exceed an arsenic MCL of 10 µg/L. 
Average Cost per POE using AA as 

Sorbent Technology, $/year 
Average Cost per POE using GFH as 

Sorbent Technology, $/year 
Population Size 

Category 

Total 
Number of 

POEs 
Impacted 

Best Estimate with 
CA Hazard 

Classifications & 
No Liquid Recycle 

Using Federal 
Hazard Criteria 

for Wastes 

Best Estimate with 
CA Hazard 

Classifications & No 
Liquid Recycle 

Using Federal 
Hazard Criteria 

for Wastes 

<500 85 $16,691 $4,425 $3,752 $3,388 

500-1000 25 $90,129 $18,279 $16,197 $13,619 

1001-3300 60 $104,181 $54,974 $42,497 $39,936 

3301-10,000 64 $207,764 $101,463 $78,244 $72,502 

10,001-100,000 196 $308,674 $220,133 $231,198 $198,079 

100,001-1,000,000 46 $1,066,511 $743,283 $791,238 $625,824 

>1,000,000 2 $18,075,068 $13,601,641 $15,664,202 $12,666,022 

 
 
Factors that Affect Cost Estimates 
 

The cost projections provided in Table ES.2 only deal with arsenic residuals permitting, 
transportation and disposal expenditures.  No estimate of the capital and O&M costs for 
design, construction, and maintenance of new facilities that will be needed to store and 
treat these residuals has been made.  Every arsenic treatment technology will produce 
both liquid and solid residuals and site-specific solutions will need to be developed to 
manage these residuals in a compliant and environmentally responsible manner.  Thus, it 
will be important for the State of California to quantify these impacts and include them in 
the overall cost for compliance with various arsenic MCL alternatives. 
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Residuals management costs for compliance with a lower arsenic MCL that need to be 
included beyond permitting, transportation, and disposal fees are: 

 Land acquisition for residuals handling and storage facilities 

 Design and construction of residuals management facilities, including 
thickeners, dewatering devices, storage tanks/lagoons, chemical feed systems, 
recycle systems, and so forth 

 Design and construction of liquid waste disposal lines to access sewer or brine 
line discharge opportunities (if available) 

 Hiring, training, and ongoing support for new operations staff that will be 
required to operate and maintain the residuals handling facilities 

 O&M costs associated with operating residuals management equipment and 
treatment processes  

 Addition of new staff to deal with hazardous waste permitting and compliance 
requirements 

Estimates for residuals management facilities were computed as part of the Federal 
Arsenic Rule compliance cost estimate.  These costs are included in the Technology and 
Cost (T&C) document that is available through USEPA.   

The factors that could lead to an over-estimation of arsenic residual disposal costs in this 
analysis include: 

 The response of the solid residual streams (i.e., not anion exchange brine) to the 
California WET test proves to be below hazardous thresholds.  Some anecdotal 
information has indicated that with iron-based sorbents, arsenic release under 
Total Threshold Limit Concentration (TTLC) procedure may be extremely 
limited, thus allowing the solids to be classified as non-hazardous. 

 In all cases, affected California groundwater systems were assumed to install new 
treatment that would produce residuals in order to comply with the arsenic 
standard.  The use of blending or alternative sources to reach compliance would 
proportionally lower the estimated disposal costs. 

 The estimated costs were founded on assumptions regarding technology selection 
among affected California systems by applying consistent methodologies to those 
used by USEPA and California DHS.  If a vastly different array of technology 
selection actually occurs, then the average system costs would also differ, 
potentially being lower than those estimated in this report. 

 The estimated production levels were based on best-fit relationships between 
population and flow that used methods consistent with USEPA and California 
DHS methodologies.  In addition, assumptions were made regarding residual 
production levels for the technologies included in this study. If these assumptions 
drastically over-estimate the production levels of affected systems, then a lower 
cost would actually be expected. 
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While the disposal costs presented have simplifying assumptions that can lead to over-
estimates as discussed above, several important factors are not included in the costs that 
can also contribute to their under-estimation; namely: 

• The propensity of coagulation solids to fail the Soluble Threshold Limit 
Concentration (STLC) and TTLC tests is high if arsenic is even above detection 
in source waters.  Therefore, the surface water disposal costs for coagulation 
solids may actually be as high as the 20 M$/year estimated for the arsenic MCL 
option of 2 µg/L regardless of the MCL set by CaDHS. 

• While there is uncertainty with respect to the hazard character of aluminum- or 
iron-based sorption media, the co-occurrence of other contaminants could control 
its hazard classification.  In particular, preliminary test results for the TTLC have 
shown problems with vanadium levels in terms of CaDHS hazard classification. 

• The presence of uranium in California source waters will result in the co-
contamination of residuals (including liquid residuals for anion exchange brines 
and tight membrane reject wastewaters) with uranium.  The treatment of low-level 
mixed radioactive wastes by the California regulatory environment is highly 
uncertain and the cost implications associated with disposal of these waste 
streams could be substantially higher than those estimated in this report. 

• As California’s regulatory program expands the list of contaminants of concern in 
drinking water, the probability of having co-occurring contaminants contribute to 
the hazard classification and ultimately, the disposal costs associated with 
drinking water treatment residuals will only increase. 

• The further tightening of California hazardous waste criteria, changes in the 
testing protocols, or lowering of liquid waste discharge limits could lead to 
additional concerns about hazard classification and increase the likelihood that 
arsenic-containing residual streams will require the handling, storage, 
management and disposal appropriate for a hazardous waste in California. 

• The current capacity of California’s hazardous waste landfill facilities has resulted 
in reasonably low tipping and transport fees for these facilities.  As their capacity 
diminished, prior to expansion (if possible), the market-place costs are likely to 
increase.  Market response to landfill capacity can be responsible for doubling if 
not tripling the hazardous waste disposal costs in California (based on historical 
evidence). 

• As the State’s budgetary conditions become more restrictive, the fees and taxes 
associated with hazardous waste disposal generally are likely to increase.  These 
costs represent approximately 15% to 30% of the disposal costs today for solid 
waste disposal, and are significant in affecting the total costs Statewide. 

 
This report presents the first comprehensive, detailed estimate of residuals disposal costs 
associated with California water system compliance with a new arsenic MCL Statewide.  
While several attempts have been made to integrate better costing procedures into 
regional or national cost estimates, the focus has been in the costing of technologies and 
facilities.  Detailed disposal costs have not been evaluated directly by any known 
researcher or stakeholder, including the USEPA.  Therefore, the estimates provided in 
this report fill a necessary gap in the heretofore efforts of cost estimation. 
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Statewide Arsenic Residuals Disposal Costs 
 
The arsenic residual disposal costs were initially estimated Statewide when all affected 
systems applied the same treatment technology (Appendix B).  By multiplying the 
expected proportion of systems that would actually apply a given technology to the 
Statewide costs for that technology and then summing the resulting estimates, the best-
estimate for Statewide residual disposal costs were generated (Table ES.2).  The disposal 
costs for California systems are substantially higher than any previous estimates of 
residuals disposal costs for a revised arsenic standard that used more generalized costing 
techniques.  These estimates are based on surveyed rates for disposal among California 
facilities and POE-specific estimates of residuals production.  Therefore, the resulting 
costs should represent a higher degree of confidence than previous efforts that were more 
nationally focused and based on unit cost model assumptions.  Thus, the order of 
magnitude of these costs is significant in terms of characterizing the potential 
implications for California. California residual disposal costs alone are approximately 
$100 to $150 M$/year for an arsenic MCL of 10 µg/L (Table ES.2).  The effect of hazard 
classification in waste disposal costs is dampened in this case by the inclusion of anion 
exchange processes, as its waste streams are hazardous under both the Federal and 
California criteria. 

 

 

Table ES.2 – Statewide disposal costs for arsenic residuals using the 
recommended compliance forecast for technology selection 

Total Disposal Cost with AA as 
Sorbent Technology, M$/year 

Total Disposal Cost Using GFH in 
lieu of AA, M$/year 

Arsenic MCL 
Option, ug/L 

Total Number 
of POEs 

Impacted* 

Best Estimate 
with CA Hazard 

Classifications & 
No Liquid 
Recycle 

Using Federal 
Hazard Criteria 

for Wastes 

Best Estimate 
with CA Hazard 
Classifications 
with Recycle 

Using Federal 
Hazard Criteria 

for Wastes 

10 478 $149 $101 $105 $87 

8 644 $213 $142 $150 $122 

6 887 $290 $192 $203 $165 

4 1,317 $439 $277 $297 $230 

2 2,202 $856 $522 $569 $420 
*  Number of POEs impacted based on POEs with average annual arsenic concentrations greater than 80% of the specified 
MCL condition. 

. 
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Relative to other cost estimates for compliance with the new arsenic standard, the 
disposal costs shown in Table ES.2 are much higher than previously anticipated.  
Consider that the national compliance costs estimated by the USEPA for the final arsenic 
regulation (USEPA, 2001) totaled only 180 M$/year for an arsenic MCL of 10 µg/L.  A 
significant difference is the issue of anion exchange treatment applications in California 
as compared to nationally.  The use of anion exchange at the national level was assumed 
to be negligible due to the high cost of residuals management and disposal, and so was 
essentially eliminated from the compliance forecast.  In the case of California, the silicate 
levels are potentially more problematic, and may drive many utilities to anion exchange 
due to its ability to remain efficient in removing arsenic in high silica waters.  This is a 
significant regional difference and could lead to the incorporation of a very expensive 
technology for residuals disposal. 

 

Conclusions 
 

The disposal costs for California water systems required to remove arsenic are estimated 
to be much higher than previously anticipated.  The likely disposal costs for California 
arsenic residuals ranges from $100 to $150 M$/year for an arsenic MCL of 10 µg/L 
based on the selection of various arsenic control technologies to address the regional 
water quality conditions in California.  These costs – which do not include arsenic 
treatment, residual handling and management, or monitoring costs by utilities – are 
comparable to the total national cost estimated by the USEPA for the final arsenic 
regulation. 

As the arsenic MCL is reduced below 10 µg/L, the disposal costs increase accordingly.  
For an arsenic MCL of 6 µg/L, the disposal costs were estimated to double ($200 - $300 
M$/year) and at an MCL of 2 µg/L, the costs increased to between $550 and $850 
M$/year.  These costs can be reduced if the need to apply anion exchange among affected 
California systems can also be lowered.  Therefore, sensitivity to water quality impacts 
on treatment selection should be incorporated into the assessment of compliance 
feasibility and costs with alternative arsenic standards for California systems.   

 


