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Hello ,
Attached is a letter with attachments that we provided to  regarding her concerns.  Please
bring  number with you.  We can call  from the speakerphone in the conference room at 10
a.m. our time. 

I forwarded your email with additional agenda items to the team. 

The letter from  to  regarding the Waste Containment Performance Monitoring
System is attached.  The other two documents you requested will be forwarded in separate emails due
to size limitations.  I am copying  so that your request can be logged in through FOIA.
Sincerely,

 

-----Original Message-----
From: 
Sent: Monday, July 19, 2010 5:26 PM
To: 
Subject:  tel con participation for Friday

Hello :

I hope I did not neglect to email you about requesting tel con participation for  on Friday. Is
that possible? Did I send that request?

-----Original Message-----
From: ]
Sent: Friday, July 09, 2010 9:31 AM
To: 
Cc: 

Subject: Re: July 23 meeting regarding NFSS concerns from LOOW RAB radiological and chemical
committees

Dear  and 

Given the recent work from  identifying data related to concerns about leaking at the NFSS,
it seems prudent to add that report to the agenda and request that she be conferenced in to explain
her concerns.

I propose that we set aside a specific time for that in the meeting, perhaps after the first hour, but
request that  be added to the meeting via conference call. Is that feasible at the District office?

Thanks

 wrote:
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David Kaminski
QED Environmental Systems Inc.
Ann Arbor, MI - San Leandro, CA


Copyright © QED Environmental Systems, Inc. 2010; all rights reserved. The information contained within this document may not 
be published, broadcast, rewritten or otherwise distributed without prior written authorization from QED.


Low-Flow Ground-Water Sampling:
An Update on


Proper Application and Use


Today’s Webinar Topics
• Early well purging research and guidelines
• Sample bias and error from traditional purging 
• What is low-flow purging and sampling?
• Advantages of low-flow purging and sampling
• Low-flow application guidelines
• Other low-flow application issues


– What do low-flow samples represent?
– Where should the pump intake be placed?
– Is there a screen length limit for low-flow sampling?


• Questions and Answers
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Early purging research resulted in guidelines 
to remove “stagnant” water from the well


• The “rule of thumb” was 3 to 5 
well volumes prior to sampling 
to get formation water.


• “Low-yield” wells were 
evacuated and sampled upon 
recovery, typically within 24 
hours.


• Little concern was given to 
how purging protocols and 
devices (e.g., bailers) affected 
the chemistry of ground water 
samples.


What does the sample represent with 
traditional purging methods?


Water from 
other vertical 
zones


Normally Immobile        
NAPL Microglobules


Normally Immobile  
Colloids and Sediment 
Elevate Turbidity      


Water Chemically Altered 
by Gas Exchange
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Traditional Well Purging Effects on 
Sample Chemistry and Quality


• High purge volume can cause underestimation of 
maximum contaminant concentrations due to dilution.


• High purging rates can cause overestimation due to 
contaminant mobilization and increased sample turbidity.


• Dewatering lower-yield wells causes losses of VOCs, 
affects DO and CO2 levels, and increases sample 
turbidity.


• Excessive drawdown can cause overestimation or “false 
positives” from soil gas or from mobilization of soil-bound 
contaminants in the overlying formation or “smear zone.”


Hand bailing and high-rate pumping can 
elevate sample turbidity
• Sample filtration adds cost and time in field or 


laboratory


• Turbidity can elevate metals and some 
organics (e.g., PAHs) bound to soils 


• Filtration affects sample chemistry
– Turbid samples that are filtered to remove solids are not 


the same as low turbidity samples


• Gibbons & Sara, 1993 found no statistical 
difference between filtered and unfiltered 
samples for metal when turbidity is <10 NTU.  
– Various guidance documents suggest 5-20 NTU is 


acceptable for sampling (e.g., Florida DEP FS2200, 
2006; US EPA Region 1 SOP, 2010)
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Time 14:01 Time 14:04


Time 14:21Time 14:06


Initial water clear


Increasing turbidity


Turbidity > 75 NTU; 13 gallons total purge volume


Limitations in traditional purging methods
led to the evolution of low-flow purging


• Low-flow purging and sampling is a 
methodology that reduces disturbance to the 
well and aquifer typically caused by bailing or 
high-rate/high-volume purging.


• Contrary to popular belief, the development of 
the low-flow purging approach was based on a 
need to control artifactual turbidity, not to reduce 
purge water volumes.
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Low-Flow Purging & 
Sampling


• Low pumping rate minimizes drawdown, 
mixing and formation stress, isolates 
stagnant water above well screen.


• Low stress = low turbidity, improved 
sample accuracy, reduced purge 
volumes.


• Samples represent naturally mobile 
contaminants, not stagnant water in the 
well or mobilized contaminants.


• Purge volume is based on stabilization 
of indicator parameters measured 
during purging.


Lower flow improves sample quality


Low-flow purging and sampling controls turbidity and 
delivers higher quality samples - a clear advantage.
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Island County Landfill - Unfiltered Metals Concentrations - Well E2S
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Changed to low-flow 
sampling with dedicated 
bladder pumps


Effect of low-flow sampling on      
data accuracy and precision


Wells purged and 
sampled with bailers; 
high turbidity (>100 NTU) Purged with pump and 


sampled with bailers; varying 
turbidity (30-50 NTU)


Reduced Purge Water Handling/Disposal


Traditional Well Volume 
Purging


Low-Flow Purging
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Cost Savings with Low-Flow Sampling
(From Schilling, 1995)


Low-flow
Purging


Three Well
Volumes


Purging Analysis:
Total Purge Volume (15 wells) 61 gallons 743 gallons
Average Volume Purged 3.3 gallons 50 gallons
Average Pumping Rate 0.3 GPM 2-5 GPM
Average Purging Time per Well 13 minutes 50 minutes
Total Purging Time (15 wells) 3.25 hours 12.5 hours


Economic Analysis (in US Dollars):
Time for Purging Wells (a) $500 $1,875
Disposal costs (b) $1,300 $3,750
Cost per Sampling Event $1,800 $5,625
Annual Sampling Costs (quarterly   


         sampling)
$7,200 $22,500


Sampling costs for 30 years $216,000 $675,000


(a) Two-person crew at $150/hr.USD
(b) First drum = $1,000; additional drums = $300 (drum = 55 US gallons/208 liters).


Advantages of Low-Flow Sampling
• Low-flow is a consistent, performance based standard for 


purging, rather than an arbitrary rule of thumb.
• It documents purging process for every sample, 


overcoming factors that can affect required purge volume.
• Low-flow sampling can reduce sampling costs:


– Direct cost savings - reduced purge water handling & disposal, 
reduced purging time (in some wells).


– Sample Quality - reduced turbidity, more accurate dissolved 
concentrations, and a better estimate of the true mobile 
contaminant load


– Indirect cost savings - improved data accuracy and precision 
(fewer false statistical “hits”); better data = better decisions.
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Low-Flow Sampling Application 
Guidelines – The Basics


• Flow rates must be controlled to pump without continuous 
drawdown (water level must stabilize) and not increase 
turbidity. Rates of 200 to 1,000 mL/minute are typical.


• Drawdown is based on well performance, not arbitrary 
guidance.


• Indicator parameters are monitored for stabilization to 
indicate formation water and purging completeness.


• Dedicated sampling equipment is preferred. Portable 
pumps require larger purge volumes, can increase 
turbidity and require decontamination between wells, but 
are still better than bailing or high-rate pumping.


Purging Flow Rates
• From US EPA, 1996: “Typically, flow rates on the order 


of 0.1 - 0.5 L/min are used, however this is dependent on 
site-specific hydrogeology. Some extremely coarse-
textured formations have been successfully sampled in 
this manner at flow rates to 1 L/min.”


• The goal is to achieve a stabilized pumping water level 
as quickly as possible. This reduces mixing within the 
borehole, drawing water from the sampling zone.


• Flow rates are established for each well based on 
drawdown values measured during purging, not an 
arbitrary value or upper limit.
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Sampling Flow Rates
• Sampling flow rates “less than 


0.5 L/min are appropriate.” (US 
EPA 1996).


• Use rates at or below the purging 
flow rate for metals and other 
inorganic parameters, lower 
rates (100 ml/min.) for VOCs and 
filtered samples.


• Fill larger sample bottles first, 
then reduce the flow rate (if 
needed) for VOCs and any 
filtered parameters.


• Sampling at 100 ml/minute for all 
parameters can extend sampling 
times unnecessarily.


Water Level Drawdown
From USEPA 1996, Puls 


and Barcelona:


“The goal is minimal 
drawdown (0.1m) during 
purging. This goal may be 
difficult to achieve under 
some circumstances…
and may require 
adjustment based on site-
specific conditions and 
personal experience.”
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Water Level Drawdown
• The recommendation from Puls and Barcelona 


(1996) has been interpreted as a maximum 
drawdown limit in some regulatory guidance 
documents. There is no data to support this or 
any other arbitrary drawdown limit.


• A study by Vandenberg and Varljen (2000) 
shows that the goal is to establish a stable 
pumping water level during purging, with 
indicator parameter stabilization following water 
level stabilization.


Correlation of Drawdown and 
Indicator Parameter Stabilization


At the point where the water level stabilized, the indicator parameters 
(conductivity shown above) and target analytes were also stabilized.


(Vandenberg and Varljen, 2000)


 


Drawdown and Specific Conductance During Purging
St. John's Landfill Well D-2A
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Indicator Parameters for Purging
• Indicator parameters often include pH, temperature, 


conductivity, DO, ORP (redox) and turbidity.
• DO and C are the most reliable indicators, based on 


published research and field experience.
– pH stabilizes readily, often shows little change.
– Temperature measured at the well head is affected by sunlight, 


ambient temperature, and some electric pumps
– Turbidity cannot indicate when purging is completed. It should be 


measured  primarily to support sample data and prevent 
excessive pumping/formation stress.


• Stabilization criteria are typically + 3-10% of readings or a 
range of units (e.g., + 0.2 mg/L DO, + 0.2 pH units) where 
percentages are not appropriate. Stabilization occurs 
when three consecutive readings fall within the criteria.


Measuring indicator 
parameters


• Traditional approaches use 
hand-held or bench-top 
instruments that expose 
samples to air and make 
precise measurement 
intervals difficult.


• Readings may not appear 
stable even though water 
chemistry has stabilized.
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An in-line flow cell isolates water from air, maintaining water chemistry and 
allowing automated measurement. Open-top “flow containers” can’t achieve 
accurate values for dissolved oxygen or redox due to rapid gas exchange.


Typical flow-cell output provides simultaneous display of 
parameters while storing readings for future recall
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Typical Indicator Parameter 
Stabilization Curves


0


2


4


6


8


10


12


0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32


Time, minutes


Te
m


p,
 p


H
, D


O
, T


ur
b


0


100


200


300


400


500


600


EC
, I


S
E


Temp oC
pH 
DO mg/l
Turb ntu
EC uS
ISE mv


Other issues surrounding proper use 
of low-flow purging and sampling and 
regulatory acceptance
• Do low-flow samples represent the entire well 


screen zone, or just a discrete interval?
• Does the pump inlet location affect sample 


results?
• Does low-flow sampling work in longer well 


screens, or is there a practical screen length 
limit?
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What Does a Low-Flow 
Sample Represent?
Empirical studies and modeling 
simulations show that the entire well 
screen contributes to the sample


– Flow into screen is controlled by the 
geology near the well, regardless of 
pump position; high K zones 
contribute more water


– The actual zone monitored is longer 
than the length of the screen


– Same for 5, 10, and 20 foot screens
– Applies to both fully submerged 


screens and screens intersecting the 
water table


Varljen, et al. 
2006


Varljen, et al. 2006


Vertical Distribution of Flux into a 10-foot Well 
Screen and Effect of Changes in Pumping Rate
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Varljen, et al. 2006


Effect of Pump Placement on Vertical Flux Distribution


Varljen, et al. 2006


Effect of Pump Placement on Vertical Flux Distribution
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Varljen, et al. 2006


Effect of Heterogeneities on Flux Distribution Pattern


Varljen, et al. 2006


Effect of Heterogeneities on Flux Distribution Pattern
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Vertical Concentration Profiles (Puls and Paul, 1998)


• Low-flow sample concentrations were 
averaged throughout the well screen; 
analyte concentrations were known to be 
measurably stratified within the 
surrounding formation.


• Low-flow samples were virtually identical 
to the mean concentration of the multi-
level and direct-push samples taken.


• Bailed sample concentrations were 
biased lower than the low-flow pumped 
sample results.


1.051.761.861.69Cr (mg/l)


BailerLow-FlowGeoprobeDMLSDevice


• USEPA, 2002 guidelines 
limit low-flow purging to wells 
with screens 10’ or less.


• Their reference for this limit 
(USEPA, 1996, Puls and 
Barcelona) DOES NOT 
support it.


• No other independent data 
or any other published study 
is cited to support the limit.


• Some state regulatory 
agencies have used the 
USEPA 2002 guidelines to 
limit use of low-flow purging 
to well screens no longer 
than 5-10 feet.


Screen Length Limits 
Using Low-Flow
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Well screen length controversy


1,000’


500’


Screen = 50% saturated thickness Screen = 4% saturated thickness


20’


LOW FLOW? YES! LOW FLOW? NO.


30’


20’


10’


Screen Length Issues and Objectives


• The issue of well screen length is one of 
monitoring program objectives and not a 
sampling method issue.


• The length of the screen (i.e., the target 
monitoring zone) should relate to the saturated 
thickness and identifiable preferential flow paths 
and should not be based on an arbitrary design 
or guideline.


• Previously mentioned studies support using low-
flow purging and sampling in well screens to 20 
feet.
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Summary
• Traditional well purging methods can cause significant 


bias and error in groundwater sample data.
• Low-flow purging and sampling can overcome many of 


the problems associated with traditional well-volume 
purging, hand bailing and high-rate pumping.


• Proper application of low-flow sampling requires 
attention to pumping rate, drawdown and indicator 
parameter stabilization.


• Low-flow purging and sampling will provide a flow-
weighted average sample from most monitoring wells 
when used correctly.


• Pumping rate, drawdown and screen length should not 
be based on arbitrary limits.


Questions?
David Kaminski


QED Environmental Systems, Inc.


Toll-Free Numbers
Ann Arbor, MI: 800-624-2026


San Leandro, CA: 800-537-1767


Websites
www.qedenv.com


www.micropurge.com
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> Dear and :
>
> I would be thrilled to get the discussion going now, so yes for me. I
> don't want to wait until September. I would like this discussion fast
> tracked and concluded (with a facilitator identified) by the end of
> the summer.
>
> 
>
> On 7/2/2010 3:56 PM,  LRB wrote:
>> Hello,
>> If it is okay with all of you, we would like to suggest adding a
>> discussion about hiring a technical facilitator to this agenda.
>> Please let us know if this is okay and what additional items you
>> would like on the agenda for this meeting.  Thank you and have a nice 4th of July!
>> Sincerely,
>>
>> 

>> US Army Corps of Engineers, Buffalo District
>> 1776 Niagara Street
>> Buffalo, NY 14207
>>
>> Phone:  
>>
>> -----Original Message-----
>> From: 
>> Sent: Friday, June 11, 2010 3:07 PM
>> To: 
>>
>> Subject: July 23 meeting regarding NFSS concerns from LOOW RAB
>> radiological and chemical committees
>>
>> Hello,
>> Our meeting is confirmed for July 23 at 9 a.m. in Conference Room A
>> here at the Buffalo District.  I have scheduled an hour and a half for the meeting.
>> , Special Projects Branch Chief; k,
>> Environmental Project Management Team Leader; , Niagara
>> Falls Storage Site (NFSS) and Lake Ontario Ordnance Works Site
>> Program Manager; , Regional Technical Specialist; 
>> , NFSS Project Engineer;  Risk Assessor; and , Health Physicist will
be
>> participating from the Corps.  
>>
>> Please identify and provide us with your top ten comments on the NFSS
>> Remedial Investigation Report for discussion or any additional items
>> you wish to discuss.  Additionally, please provide any data analyses
>> supporting your conclusions/concerns/comments regarding the Interim
>> Waste Containment Structure.
>>
>> We look forward to meeting with all of you.
>> Sincerely,
>>
>> 

>> US Army Corps of Engineers, Buffalo District
>> 1776 Niagara Street
>> Buffalo, NY 14207
>>
>> Phone:  



>> Fax:  
>>
>>
>>
>>
>> -----Original Message-----
>> From: ]
>> Sent: Thursday, June 10, 2010 2:19 PM
>> To: 
>> 
>> Cc: ;
>> 
>> Subject: Re: availability for meeting with USACE regarding NFSS
>> concerns from LOOW RAB radiological and chemical committees
>>
>> :
>> We would like to confirm the July 23rd 9am meeting slot.
>> Thank you.
>> Please send info to all four of us;  and myself.
>>
>> 
>>  wrote:
>>  
>>> I have a doctor's appointment on the afternoon of the 27th.  I could
>>> make a
>>>    
>> meeting at 9 AM on the 23rd.
>>  
>>> 
>>>
>>> On Jun 10, 2010, at 7:53 AMJun 10, 2010, . wrote:
>>>
>>>  
>>>    
>>>> Dear RAB members:
>>>>
>>>>  has offered dates below for a followup meeting regarding our
>>>> concerns and data analysis on the potential leakage at the NFSS.
>>>>
>>>> I suggest that a meeting with , myself,  and
>>>>  be arranged as we discussed at our last RAB meeting.
>>>>
>>>> Would , , and  let me know of your
>>>> availability in July on the 23rd or 27th at the times listed by
>>>>  below?
>>>>
>>>> 
>>>>      
>>  




