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Topics for Today

• Quick review of issues with acid forming materials 
(AFM) in Virginia road corridors.

• Describe the Route 220 Project (2016 to 2023) and 
procedures employed to mitigate potential AFM 
impacts

• Review a new detailed field procedure developed 
for field ID and AFM characterization

• Present water quality monitoring data for project 



Background/Rationale

Accurate and rapid prediction of the acid-forming potential 
of geologic materials in a field setting is challenging and most 
projects and their analysts rely on conventional acid base 
accounting (ABA) lab procedures to determine relative risk 
and appropriate liming requirements. 

Road improvements for Route 220 in Botetourt County, 
Virginia, will cut and fill large volumes of soil/saprolite/rock 
materials derived from potentially acid-forming Devonian 
black shales. 

VDOT permit requirements mandate separating all handled 
materials into four different categories of acid formation risk 
with differing liming and/or placement procedures. 



Orndorff (2001) -Compiling a state-wide sulfide 
hazard map for Virginia: the final map.
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Compiling a state-wide sulfide hazard map for 
Virginia: Devonian black shales.

Culvert beneath I-64 in Clifton Forge



Compiling a state-wide sulfide hazard map for 
Virginia: Devonian black shales.

Inside the culvert at Clifton Forge.
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Image and water sample 
location map for Route 
220 project in Botetourt 
County, Virginia.

Entire section between 
points 1 and 11 involves 
excavations to 15 m or 
more into Devonian “black 
shales” that are locally 
sulfide rich, but highly 
folded and variable in 
spatial distribution of 
sulfides. 



Field Sampling / Lab Testing

• VDOT/Cardno/ECS ran ABA on 56 samples before 
design/build RFP was released and used those data 
to approximate potential volumes of acid-forming 
materials.

• Used PA DOT criteria for developing liming 
recommendations. Based largely on Bald Eagle 
Mountain APM problems. 



Acid Base Accounting (ABA) 

• Conventional EPA x WV ABA procedures, but with Skousen et 
al. modified method for siderite.

• MPA = maximum potential acidity based on total-S

• NP = neutralization potential via titration

• NNP = net neutralization potential (NP minus MPA)

• Units given in ppt net CCE (or mg/kg) = tons of CCE ag lime 
needed per thousand tons material (or AFS)

• General coal mining threshold for potentially toxic materials is 
– 5 tons/1000.

• NPR = ratio of NP to MPA; > 2.0 supposedly indicates minimal 
risk of long-term acid generation (Skousen et al. 2002).  



Original VDOT RFP Criteria

• Category 1: All materials with S > 0.2% and  NNP < 
-5 ppt; Isolate and/or lime to NNP of +24 ppt.

• Category 2: Materials with S < 0.2%, pH < 5.0 and 
NNP between -5 and +5 ppt.  Lime to NNP of +24 ppt.

• Category 3: NNP between +5 and +30; slight HCL 
fizz.  No treatment needed.

• Category 4: NNP > +30 ppt; can be used to mix 
with/treat Category 2 materials.



Approximate Volumes (Original RFP Criteria)

• Approximately 450,000 m3 of total cut/fill materials

• Approximately 60,000 m3 of Category 1

• Approximately 100,000 m3 of Category 2

• No apparent Category 3

• Approximately 55,000 m3 of “unknown” 



Field Sampling / Lab Testing

• CH2M/Jacobs and Faulconer (contractor) won 
design/build bid competition in 2017.

• CH2M/Jacobs advanced 90 additional bore holes 
with multiple samples taken of soil, weathered and 
hard rock zones with depth. VT trained the field 
crew for soil descriptions, color, hardness, etc. 

• Virginia Tech ran ABA on > 340 samples along with 
30% H2O2 and HCl fizz and color determinations. 



New drill cores 
were taken 
every 30 m in 
an offset 
pattern up and 
down slope to 
better define 
location of acid 
producing 
materials 
(APMS).











Issues and Modifications

• Essentially all native soils and weathered 
rock in the project would be Category 2 and 
demand liming up to +24 NNP. Not rational?

• Many/most category 2 materials had very 
low S content and NPR values > 2.0. 

• Proposed modified categories based on 
alternative lab/field criteria, NPR data, and 
important subdivisions of Category 2. 



Revised and accepted classification categories based 
on NPR, field pH and certain other field indicators. 



Field Assessment/Classification Criteria

• Vary by preconstruction assessment/ranking of 
relative probability of Category 1 being present.

• Field Hardness (e.g. is it weathered?)

• Munsell color (particularly value > 4.0)

• Reaction/fizz to 30% H202 (sulfides)

• Reaction/fizz to 10 HCl (carbonates)

• pHfox test for questionable materials



Examples of potentially problematic materials and weathering 
indicators from upper partially weathered zone.  





Example of hand sample from May 
30, 2019.  This material is clearly 
oxidized, but soft and had an H2O2

fizz of 2 and an HCL fizz of 1.  pH 
was 5.6 and pre-drill information 
indicates carbonates immediately 
below.  This is 2C, but obviously 
still has some reactive sulfide 
component. 







If drilling data predetermine probability of Category 1, any material meeting 
color and hardness criteria are assumed to be APM. 

Category 2 classes based on flow chart below and periodic 
supporting/confirming lab analyses. 

Full time geotechnical engineer trained by VT assesses materials daily and 
performs testing/classification on every 10 truck loads or more often if indicated. 



Detail of flow chart for decisions for areas that 
are presumed likely to be non-acid forming 
based on preconstruction drilling and lab ABA 
data. 



Example of highly reactive (NNP = - 30 T/1000) black 
shale (Category 1) at depth with weathered oxidized 
pH 4.5 materials (Category 2) above. 





Example of 
field data 
sheet for 
analyses 
performed 
at a 
minimum 
of every 10 
truck loads 
or “as 
needed” 
based on 
field 
monitor. 



Interpretative Issues?

• Relatively thin weathered saprolite zones appear fully 
oxidized but still contain a mix of reactive sulfides and traces 
of carbonates (as shown in earlier image).

• False positives: Mn coatings on some rocks make them 
appear black and they have a vigorous peroxide fizz. 
Internally, these are often red/yellow and/or carbonates.

• Intact hard black shales often have visible very fine pyrite 
crystals coupled with strong H2O2 and HCl fizz.  Back-up 
ABA lab analyses on many such samples indicated NNP of > 
+ 40.  Lots of siderite nodules and masses!



Final AFM Categorization & Placement

• ~ 25,000 m3 was strongly acid forming Category 1 
and was hauled offsite for disposal in a landfill in 
WV. 

• ~100,000 m3 was Category 2A or 2B and was bulk-
blended with agricultural lime in fills and 
compacted. Lime rate was added to assure NPR > 
3.0, but not +24 NNP. Most lime rates were less than 
10 T/1000 as applied. 

• The balance of the material (~325,000 m3) did not 
require special management.



Water quality sampling 
locations. BL 12 was 
considered to be above 
the majority of AFM 
impact and BL 5 was a 
pre-existing perennial 
seep with obvious Fe-
floc. 

BL 4 was instream 
below major AFM 
cut/fill zones. Points 1 
and 2 were at the local 
stream discharge point 
with the James River.



Close 
up of 
critical 
impact 
reach



2016



Main stream 
sampling at 
BL 12 at 
culvert below 
Route 220 
under low 
base flow 
conditions. 
Note sediment 
and yellow Fe-
floc. 



Culvert 
collecting 
and 
discharging 
drainage 
near former 
BL-5 seep 
location. 









Site Time Period

pH SC Temp
average median average median average median

------ μS/cm ------ -------- oC--------

BL-1

08/2017 – 
07/2018

6.68 6.83 73 85 12.7 12.5
08/2021 – 
07/2022

7.08 7.23 94 78 13.4 12.8

BL-4

08/2017 – 
07/2018

7.77 7.90 329 370 13.0 12.7
08/2021 – 
07/2022

7.54 7.54 322 320 13.2 13.5

BL-5

08/2017 – 
07/2018

7.46 7.53 475 559 13.0 12.9
08/2021 – 
07/2022

7.17 7.08 590 513 14.5 14.8

BL-8

08/2017 – 
07/2018

7.91 8.01 324 358 12.5 8.1
08/2021 – 
07/2022

7.75 7.72 296 286 13.0 13.9

BL-12

08/2017 – 
07/2018

7.08 7.15 160 141 13.4 10.2
08/2021 – 
07/2022

7.16 7.25 89 81 14.7 14.9







Conclusions 
• Meta-analysis of our large (> 300 samples) data set for all 

field parameters vs. ABA lab data indicated that the “flow 
chart system” was > 90% accurate if applied correctly. 

• Actual field application confirmed efficacy of the approach, 
but pointed out a number of interpretative challenges that 
were resolved via periodic lab confirmation. However, that 
takes days to weeks and the operation defaulted to “worse 
case” in many instances out of caution.

• In most instances, we feel that errors will be “false positives” 
and be conservative in terms of treatment. 

• The system is designed to categorize materials in the field for 
management; it is not intended to predict actual NNP or lime 
requirements.



Conclusions 

• Overall, the project was successful at accurately identifying 
the vast majority of AFM and protecting local water quality.

• Short-term spikes in SC and Fe were seen occasionally at 
several small discharge locations directly under or in contact 
with recently placed/limed AFM fills, but no impacts to the 
main stem of the draining creek were noted. 

• The success of this project was due to the skill and training of 
the on-site engineer and his ability to interact with the 
contractor staff on a daily basis for the ID of the AFM. 
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