Notes for PUMP and treat

Pump and treet is one of the most widely used groundwater remediation methods. As of 1997, a 89%
of Superfund stes (588 stes) pump and treat was only ONLY remedy specified in the ROD for
groundwater treatment; pump and treat is used in combination with other in-Stu technologies at a
additiona 6% of Superfund sites with groundwater contamination (another 39 sites). Pump and treet is
a0 used a many RCRA dite remediations and state- supervised remediations.

Although the &hility to actualy REMEDIATE a contaminated Ste is limited, groundwater control via
pumping is gill necessary to contain contaminant plumes and for use in concert with other techniques
(such as lowering the water table to alow SVE, bioremediation, etc). Complete aquifer restoration by
pump-and-treet isineffective due to:

a) taling — the mass of contaminant removed with the extracted groundwater decrease over
time, and extreme “talls’ may mean that 50 years or more of continual pumping are needed to reach
drinking water concentrations in the water

b) rebound — sometimes, the concentrations of contaminant in the extracted groundwater
decreased to “acceptable’ levels (generdly drinking water MCLS). Then pumping was stopped, and it
was bdlieved that remediation complete. However, contaminants at the site continued desorbing from
contaminated soil and dissolving from NAPLs... and without actively pumping the groundwater there
was less dilution so monitoring post- pumping showed contiminant concentrations had “REBOUNDED”
be unacceptable levels.

At some sites remediation has been achieved by pump and trest. One Stein Caifornia has achieved
MCL levelsfor dl contaminants, and another 10 Cdifornia sites achieved MCL levelsfor afew of the
contaminarts present. Therefore, pump and treat may be appropriately used and/or combined with
other approaches at some sites.

Since one of the primary goas of pump and treat is to contain the plume of contamination, it is
necessary to calculate containment areas in order to design asystem. For every well being actively
pumped, thereis a“ capture zone” associated with that well. For example, if the groundwater is flowing
directly west, than awell can theoretically capture dl contaminants flowing directly to the well (water
that would normally pass through the well itsdf). However, pumping aso causes localized changesin
the hydraulic gradient. With the“low” head at the well itsdf, groundwater within a circular radius
around the well can aso be captured.

In order to design apump and treat system:
1) determine the hydrogeology &t the site (water levels or “head”, hydraulic gradient, hydraulic
conductivity, porosity, etc)

2) determine the location of contaminant plumes and the “targets’ to which prevention of contamination
Spreading is needed



Modification of the Theim equation can be used for estimating T (modified from Boonstra and de
Ridder, 1981):

T= 43.08Q/Sw’
where: Q = the congtant well discharge in feet3/day.
Sw = the stahilized drawdown inside the well a steedy flow in feet.
T =thetrangmissvity. =K b
The equation can be gpplied to data for both confined and unconfined zones; however, for unconfined
zones, drawdown (Sw) must be corrected to sw' = sw - (szw/2b), where b is the saturated zone
thicknessin fedt.

Table 4.3 Recommended pumping well diameter for various pumping rates.
(Dawson and Istok, 1991, after Driscoll, 1986).

PUMPING RATE DIAMETER
Gal m3

Min day (in)  (mm)
<100 <545 6 152
75-175 409-954 8 203
150-350 818-1910 10 254
300-700 1640-3820 12 305
500-1000 2730-5450 14 365
800-1800 4360-9810 16 406
1200-3000  6540-16400 20 508

Jacob Method: for large time or smdl radius
drawdown (at agiven distancer and timet) = s= Q/4pT * In (225 Tt/r*S)
plot drawdown a given monitoring location versus log time
find dope & extrapolate linear part down to 0 drawdown whichis“ty”
T=23Q/4pdope ad S=225Tt,/r

Q = flowrate of groundwater being extraction, m3/min
r = distance from monitoring well where the drawdown was measured, m
t, = TIME with zero drawdown, min or sec or days

According to Jacob (1944), data for unconfined zones can be corrected for saturated thickness change

with the following equation: S, q=S-S/2b
where: S rected = corrected drawdown.

s = obsarved drawdown.
b = initid saturated thickness.

T =transmissvity = K b = length squared per time



K = hydraulic conductivity of water, cm/sec or m/d
b = thickness of the aquifer, cmor m
with low transmissvity get large drawdown & well and small radius of influence
with high transmissivity get smdl drawdown at well and large radius
example: T =124 m2/d, s=6.7ma well, Ri =5490 m
T =1240 m2/d, s= 0.8 mat well, Ri = 12,200 m

S = dorativity = unitless= Ssb = amount of water released per unit drop in head per unit area of
aquifer
Ss = gtorage coefficient =r g(a +nb) wherea = compressbility of porous mediaand

b = compresshility of water, andr = dendty of water

Capture Zone dimenson formulas

#wdls optima distance width of capturezone | maximum width of
between pairs of a lineof wdls(x =0) capture zone
wdls (very large x)
1 NA Q/2bKi Q/Kbi
2 Q/pbKi Q/bKi 2Q/bKii
3 2°2Q/ pbKi 3Q/2bKi 3Q/bKi

where Q = extracted water flow rate, volume/ time

b = thickness of aguifer being pumped, length

K = hydraulic conductivity, length / time

i = naturd (pre-pumping) hydraulic gradient (length / length)
downgradient stagnation point =x0=-Q/2pK bi

for Lwdl: x=-Y /tan [2pKbiy / Q] wherewdl islocated at x=0andy =0

Example: if Q = 50,000 ft3/day, b = 30 ft, K = 1000 ft/d, and i = 0.006; what isthe location of the
downgradient stagnation point and maximum width of capture zone?
answer: X0 =-44.2 ft; capture zone = 554 ft

Optimad REMEDIATION may be achieved by both groundwater extraction pumping and trestment
with re-injection; this servesto FLUSH a greater volume of water through the site than would be
achieved with extraction only.

a) can extract and one point, and re-inject at another  (doublet)

b) can re-inject a 2 locations with 1 extraction point in the middle (3-spot)

) can inject at 4 locations (in a square) with 1 extraction well in the middle (5-spot)

d) can inject & 3 wellsin at triangle and extract with atriangle of 3 extraction points

(double triangle)
€) can extract a 2 wellsin aline with 2 injection wdls (double cell)



“cartoons’ of these are below, with O = extraction well, X = injection well
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Thewel configuration sgnificantly effects dean-up time.

a, b, e configurations are effective with low hydraulic gradient (~0.0008), and minimize cleanup
time, volume of water circulated, and volume of water trested.

b worked best with high hydraulic gradient (~0.008), high drawdown (>10 ft), and either low or
high longitudind dispersvity (10 to 30 ft)

no configuration worked well for high gradient, low drawdown (<5 ft), and high dispersivity
(longitudina 30 ft)conditions

c wasthe least effective of the well patterns studied

The above “rules of thumb” were devel oped based on computer modeling by the US Geologica
Survey, and ignored problems with tailing or rebound effects.

Beyond optimizing well configuration, other methods can enhance the cost- effectiveness and efficiency
of pump and treat:

adaptive pumping — having multiple extraction and injection wells, so that operation can be
varied to minimize stagnant zones; both wells used and flowrates can be vaired. For asmulated ste,
computer models indicated that adaptive pumping could cut remediation time from 100 years to 50 yrs
used adaptive pumpting.

pulsed pumping — can increase the mass of contaminant removed per volume of water. This
dlows diffuson and desorption time to increase the concentrations of contaminants in the groundwater
while the pumping is off, so that when pumping is resumed more efficient mass extraction occurs. A
potentia problem isto maintain hydraulic containment during off pumping periods. About 17 locetions
in Cdifornia have used this gpproach, but longterm benefits are uncertain.

Addition of surfactants may increase the partitioning of hydrophobic contaminantsinto the
groundwater, thereby speeding remediation. However, care must be taken to ensure thet off-gte



mobilization of contaminants does not occur. (Surfactants can dso lower surface tension, increasing the
potentia to mobilize NAPLS.)

S0, once the contaminated groundwater is pumped out, what happensto it?
1) itistrested to remove the contaminant
trestment methods include:
bioreactors, (for biodegradable organic compounds)
carbon adsorption (exhausted carbon must be regenerated or disposed in landfill),
chemica precipitation of metas,
ion exchange (exhausted resin; will have concentrated waste solution)
reverse 0Smosis (concentrated solution requires disposal)
ar gripping (for volatiles, and then contaminated gas treatment is needed )
chemica oxidation
ultraviolet light asssted oxidation by ozone (destroys organics)
etc. (methods covered well in LaGrega text)

2) after trestment water may be discharged in stream, to municipa sewer
OR
re-injected at the Site

NAPL FYI: Can NAPLsbe PUMPED out to extract them from the subsurface?

Head gradients required to mobilize NAPL ganglia
dP/d =r gdidl =2swncosf (1/1b) (Urt- Urp)
where swn = interfacid tensgon of water:napl (look up in atable)
f = contact angle (look up in table or measure in experiment);
Ib = length of NAPL blob, rt = radius of pore throat, rp = radius of pore

Generaly a LARGE amount of pumping needed to move NAPL, and residuad NAPL trapped at the
pore throats will dill remain

DNAPL mound of top of water table before it will displace the water and penetrate bel ow the water
table: thickness=zn=2swncosf /(rpg(rn - rw))
DNAPL pool on low permegbility layer: zn=2swncosf (Urf - 1/rc)/(g(rn - rw))

example PCEf =40°, swn =444 dyne/ cm; densty = 1.63 g/mL; radius pore throat in coarse soil
=10"-3cm; TCEf =45° swn=34.5dyne/ cm; densty =1.5g/mL (dyne=g - cm/ 2)



References:

Pump-and-Treat Ground-Water Remediation: A guide for decision makers and practitioners. U.S. EPA. 1996.
EPA/625/R-95/005.



