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When corrosion studies are needed

Corrosion studies inform CCT and can be 
undertaken proactively or to meet regulatory 
requirements

Oxides
• Lead(IV) oxide (Plattnerite) 

occurs in high-ORP systems

Carbonates
• Lead(II) carbonates

• Cerussite
• Hydrocerussite

Phosphates
• Lead(II) phosphate 

(Hydroxypyromorphite)
• Requires orthophosphate

Image References: Plattnerite, hydroxypyromorphite: De Santis et al 2020: https://cfpub.epa.gov/si/si_public_file_download.cfm?p_download_id=540968&Lab=CESER
Lead(II) Carbonates: Harmon et al. 2022. https://awwa.onlinelibrary.wiley.com/doi/full/10.1002/aws2.1278
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Change in pH, alkalinity, background ions

Change in lead solubility/scale stability

Corrosion studies may be needed when a 
source or treatment change is proposed

Change in ORP

Change in lead 
oxidation state

New source New finished 
water blend

New softening 
process

New coagulant or 
dose

New ion exchange 
process

Change in free 
chlorine dose

New finished 
water pH

New finished 
water alkalinity

New corrosion 
inhibitor or dose

New reverse 
osmosis or 

nanofiltration 
membranes

New oxidant or 
disinfectant

Consider initiating a corrosion study prior to 
the LCRR compliance date if:

Historical lead and 
copper levels have 
been approaching 

The lead TL or 
copper AL

5 ppb, for large 
systems without 

CCT

Sampling sites are 
changing to comply 

with the LCRR

More sites with 
lead service lines 

(LSLs) may 
increase the risk 

of TL or AL 
exceedances

Other water quality 
issues have been 

reported

Discolored water

Disinfectant 
residual loss

Nitrification
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Types of corrosion studies and 
their applications

Corrosion studies can take several forms:
ConsiderationsPurposeDescriptionTest

Data may be limited; 
equilibrium-based models 
may not match actual 
conditions.

Assess existing and proposed 
CCT, identify potential for metals 
release; identify CCT that has 
negatively impacted a drinking 
water treatment process at 
another system with similar 
water quality

Desktop study evaluates 
historical source to tap water 
quality data. Includes 
assessment of CCT applied 
to similar systems. May use 
theoretical solubility models, 
network hydraulic models. 

Existing system 
evaluation

Static tests do not capture 
impacts of hydraulics; these 
tests do not represent 
distribution system lead 
levels; may not capture 
impacts of scales

Assess metals release under 
multiple conditions – may be 
used as a screening tool for 
systems with LSLs

Benchtop tests using new or 
harvested materials, 
conducted with static or 
flowing water over weeks to 
months

Bench-scale study –
metal coupons, 
immersion study, or 
static pipe test

Results may not represent 
full-scale distribution system; 
cost and effort

Assess CCT under multiple 
conditions, and represent 
impacts of flow

Pilot tests using multiple new 
or harvested pipes over 
months to years

Pilot-scale study –
pipe loop/rig, 
recirculating or once-
through

May have unintended 
consequences; long duration

Assess CCT in full-scale system 
to understand actual impacts

Test is run in parts of the full-
scale distribution system

Full-scale testing
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Control

Corrosion 
studies must 
evaluate a 
control and a 
minimum of 
4 treatments:

Alkalinity and pH adjustment

Orthophosphate- or silicate-based corrosion inhibitor 
at a concentration sufficient to maintain an effective 
corrosion inhibitor residual concentration in all test 
samples

Addition of an orthophosphate-based corrosion 
inhibitor to maintain an orthophosphate residual of:

1 mg/L-PO4 in all test samples

3 mg/L-PO4 in all test samples

Bench-scale coupon tests 
can be used to reduce # 
of pipe rig/loop tests to a 

control + 2 treatments
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Certain water quality parameters must be 
measured before and after treatment during the 
corrosion study, and others may be recommended

Lead Copper pH Alkalinity

Orthophosphate 
(as PO4) when 

orthophosphate-based 
inhibitor is used

Silicate when silicate-
based inhibitor is used

Chloride Sulfate
Organic matter 
(total organic 

carbon)

Disinfectant 
residual Iron Manganese
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Colorado Department of Public Health and 
Environment has defined a corrosion control 
testing procedure for screening CCT options
• Prepare test jars with 

materials representative 
of the distribution system

• Provide 3-5 replicates 
per treatment

• Condition the test jars 
for 6-8 weeks

• During testing:
• Change out test water 

3x per week
• Measure lead and 

copper in composite 
samples

Test results are not representative of lead levels at 
the tap, but allow comparison of treatments

Lead release from lead sinkers
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Copper release from copper 
couplings
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Note variability 
– replicates are 
essential!
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Corrosion studies must evaluate and document 
impacts of the CCT options on other water 
treatment processes and should consider other 
potential impacts

Increased pH
Potential increase in 

formation of 
trihalomethanes

Increased 
monochloramine 

stability

Orthophosphate 
Addition

Potential nutrient for 
microorganisms that 

could impact 
disinfectant residual 

management

Increased phosphorus 
loading to wastewater 

treatment facility –
issue, but not related 

to water treatment

Switch from 
blended or 

polyphosphate to 
orthophosphate

Potential for short-
term iron release in 
distribution system

Need for iron and 
manganese removal 
from source water

Resources
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The EPA provided possible outlines 
for corrosion study reports in 2016 
guidance document

Desktop Reports

Bench/Pilot/Partial Distribution 
System Reports

Resources for corrosion studies
Ongoing Water Research 
Foundation projects will 
produce additional 
resources:
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Takeaways

Corrosion control is 
achieved by 
passivating/forming 
protective scales on 
distribution system 
materials

CCT is identified or 
optimized through 
corrosion studies 
conducted for compliance 
or proactively

Corrosion studies 
can be conducted at 
desktop, bench, 
pilot, and full-scale. 

Study designs are 
system-specific

Weigh data needs 
against study 
complexity and cost 

Consider a desktop 
study before 
October 16, 2024 

Q&AQ&A

Ashley Pifer, PhD, PE
ADPifer@GarverUSA.com
214-619-9002
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