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Presentation Topics

u Hydrogeologic Zones

u Vadose Zone Transport Processes

u Groundwater Monitoring Program

u Monitoring Well Design & Construction

u Interpreting Water Level Data 

u Water Table Contour Maps and Hydrogeologic Cross-sections

u Vertical Component of Groundwater Flow



Background for this Presentation

u The information in this presentation may 
not be new, but like an old cable tool 
ŘǊƛƭƭΣ ƛǘΩƭƭ ōŜ Ŧǳƴ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ŜȄǇŜǊƛŜƴŎŜ 
level  

u Hypothetical Case Study:  Cappy 
Manufacturing is a new owner and the 
ESA Phase I and Phase II identified:

u SWMU 1 ς former automotive shop

u UST

u PAHs, SVOCs and metals

u SWMU 2 ς buried drums

u Chlorinated solvents

u Daycare is planned for onsite but has not 
opened

u The examples presented here were 
prepared based on the Cappy 
Manufacturing Site



Cappy Manufacturing Site 
Map & Cross Section Transect

Figure 1.  Cappy Manufacturing Site Map with cross-section transect.



Hydrogeologic Cross Section of the 
Cappy Manufacturing Site

Figure 2.  Hydrogeologic cross section of the Cappy Manufacturing Site.



Vadose Zone Transport Processes

Figure 3.  Cross section illustrating contaminant transport processes in the vadose zone.



Subsurface Characterization with DPT

Figure 4. a) 20-ton Cone Penetrometer Test (CPT) truck;
       b) the interior of the CPT with hydraulic rams in 

the center, control panel and tool display 
(right) and rod rack (left);

       c) Geoprobe with Hydraulic Profiling Tools (HPT) 
and High Resolution Site Characterization 
(HRSC) Systems.
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Subsurface Characterization with Traditional Tools 

Figure 5.  a) collecting continuous core;
                 b) measuring field VOC concentrations using a PID;
                 c) collecting soil plug samples for VOC lab analysis 

from core;
                d) split spoon sample of a saturated sand between clay 

layers.
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RCRA Basis forGroundwater Monitoring

Specific requirements to establish a groundwater monitoring 
program can be found in the following sections of 40CFR264:

§264.97  General Groundwater Monitoring Requirements

§264.98  Detection Monitoring Program

§264.99  Compliance Monitoring Program

§264.100  Corrective Action Program



General Groundwater Monitoring 
Requirements (§264.97)

u Sufficient number of wells, locations and depths to yield 
groundwater samples from the uppermost aquifer

u Represent the quality of background

u Represent the quality of groundwater passing the Point of 
Compliance (POC) (§264.95)

u Detection of contamination when hazardous waste have migrated 
to the uppermost aquifer

u If a facility contains more than one regulated unit, separate 
groundwater monitoring systems are not required



Monitoring Well Construction 
Requirements §264.97(c)

u Cased in a manner that maintains the integrity of the 
monitoring well borehole

u The casing must be screened and packed with gravel/sand, 
where necessary, to enable collection of groundwater 
samples

u The annular space above the well screen must be sealed to 
prevent contamination of samples and the groundwater



Monitoring Well Locations

Figure 6.  Cappy Manufacturing Site map with proposed monitoring well locations.
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Drilling Methods for Monitoring Well Installation

Figure 7.  a) Mud rotary drilling; b) Hollow Stem Auger (HSA); 
                 c) Direct Push Technology (DPT); d) RotoSonic drilling.
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Monitoring Well Construction ς Well Screen

Figure 8.  a) PVC slotted well screen; b) stainless steel continuous wound well screen; 
                  c) placing filter sand around the outside of the well screen. 
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Monitoring Well Construction ς Filter Sand and Bentonite

# 1A Sand # 2 Sand Pea Gravel

3/8 in HolePlug 3/8 in Pellets Benseal

Figure 9.    a) different grades of filter sand; 
                   b) bentonite chips or pellets can be used for the seal above the filter pack, and benseal     

    provides a quick seal with rapid hydration; 
                   c) bentonite seal placed close to the surface in a shallow monitoring well installed with HSA.
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Well Development

CƛƎǳǊŜ млΦ  ŀύ Wŀȅ .ƛƭƭƛƴƎǎ ŘŜǾŜƭƻǇƛƴƎ ŀ ǿŜƭƭ ǳǎƛƴƎ άǎǿŀō ŀƴŘ ǇǳƳǇέΤ ōύ п-inch swab; 
 c) early stage of well development.

10a

10b

10c



Monitoring Well Surface Completion

Figure 11.  a) Above ground completion of a monitoring well with locking protective steel casing; 
b) 3-monitoring well cluster with at-grade completions in sealed vaults; 

 c) at-grade completion with protective cover removed.  This monitoring well had not 
    been opened in several years and was in process of being abandoned.
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Monitoring Well Construction Diagram

Figure 12.  MW-1A monitoring well construction diagram.



²ƘŜǊŜ ²ŜΩǾŜ .ŜŜƴ ς ²ƘŜǊŜ ²ŜΩǊŜ DƻƛƴƎ

u In-situ assessment tools with DPT 
delineated contamination in the vadose 
zone

u Groundwater monitoring wells were 
located based on Point of Compliance, 
extent of contamination in the vadose 
zone and initial understanding of the 
direction of groundwater flow

u Monitoring well clusters were screened 
in the upper, middle and lower zones of 
the shallow aquifer

u Decisions moving forward will be based 
on data that assumes the integrity of 
well design, construction and 
development 

u Next step is to confirm the direction and 
rate of groundwater flow 

Figure 13.  RotoSonic well installation. 



Water Level Data

u Some of the easiest site data to collect

u Some of the most inexpensive site 
data to collect

u Some of the most valuable site 
information needed for developing 
assessment and remedial strategies

u Some of the most challenging data to 
properly interpret 

Figure 14.  Well construction and reference   
  points are critical for understanding   
  water level data.



Water Table and Hydraulic Head

Figure 15.  Hydraulic head demonstrated by a 
spring and two piezometers screened at 
different depths.

Source:  Weidemeier, 1998. Technical Protocol for 
Evaluating Natural Attenuation of Chlorinated Solvents in 
Ground Water.USEPA, EPA/600/R-98/128, Appendix C-3.
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Groundwater Elevation Contour Maps

Figure 16.  a) Groundwater elevations from all monitoring wells, both shallow and deep, were 
used to construct this contour map; b) the same data set using only groundwater 
elevations from wells screened across the water table to construct a revised contour map. 
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Groundwater Elevation Contour Maps (continued)

Figure 16 continued:  c) contours generated with groundwater elevations from deep wells, but 
with different elevation heads; d) the green contours represent groundwater 
elevations with 10-12 ft elevation head and the red contours groundwater elevations 
with 9-11 ft elevation head.  All maps in Figure 16 are from an anonymous source.
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Cappy Manufacturing Site Well Construction 
Details & Water Level Data

Table 1.  The data in this table was created in order to illustrate groundwater flow 
where the vertical component of flow is minimal. 



Cappy Manufacturing Site Water 
Table Surface Map 

Figure 17.  Water table surface map and direction of groundwater flow.



Groundwater Flow

Figure 18.  Groundwater flow with equipotential lines showing horizontal flow at 
  depth with minimal vertical flow indicating that hydraulic pressure is zero.



Contaminant Plume Migration

Figure 19. Contaminant plumes comingling from SWMU 1 and SWMU 2.



Cappy Manufacturing Site Well Construction 
Details & Water Level Data

Table 2.  Water level measurements were manipulated to illustrate vertical   
groundwater flow. 



Groundwater Recharge and Discharge

Figure 20.  Groundwater flow with equipotential lines indicating groundwater 
recharge (left) and discharge (right).


