Figure 4-47 Flowmeter Sysiems
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Table 8.8  Comparison of messnred TNAPIL. thicknesses naing water-detaction paste. 8 clear botiom-

loading baller, and an interface probe (from Sanders, 1984).

.1 Imeh Esressne
(imcieen) | Deviation
LI2 oS
a1l [ F.i] 012
Inieriace ;rul!_ 118 011 114 811 il 008 1.10 012

Notes: Ave. means sverage. Five lests were conducied with each method and Buid thickness.
*Gauging stick = B-fi Baghy Stick Co; McCabe, Inc. waier-detection paste.
" Surface sampler — 18-inch OD, 12-inches long, botom-loading bailer,

““ORS inlerface probe (manulacture date circa 1984).
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Table 3-18. Sulnlqd"l’ﬂtllllll(ﬂ# 1-meluummml-HﬂL
tion; and C = mo visnal evidence of NAPL presencel.

r

[ =

| i

| i

Sample calegorics are based upon estimated NAPL ssturations s &
perceat. The volume of NAPL. mized with 172 g of soll and sufficient mL

of waler 1o constituie 8 total fuid content of 35 mL is also piven

Blank
Samples

Mo
NAPL) .

Disscived
Samples
(Mo
HNAFL)

1%

(03s
ml)

286%
(1 mL)

ins
Zml)

11.40%
(4ml)

ZLBE%
(Bml)

Notes and Conclusions

14 -48
Ppm (s

14-30 ppm

120
>1000

ppm

50-
> 1000

ppm

L
>1000
ppo

100-
> 1000

&5
> 1000

P

1. An effective soreening method which mry be wed, in
some casen, 10 infer NAPL presence.

1 Organic vapor conceniration depends on contaminant
volatlity: mcasured coscenirstions were much higher o
chiorobenzene and PCE samples than keroseoe samphes.

1 Twn bisak ssmples had OVA comcentrations of <10
ﬂmpmuwwm#
mmpcs

Visual Exam

oA

11cC

0A
0B
1cC

0A
1B
1nc

A
3B
BC

0A
6B
5C

oA
7B
4C

l.mwlhtﬂjpmduhhﬂm
1 NAPL prescnce was suspecied in some samples with
higher NAPL saturation based oa fluid sudsiness.

Fluorescence

1A
1B
8C

4 A
1B

&C

2A
1B

zZC

S A
1B

1C

11 A
0B

ocC

11A
0B

oC

1. Very effective simple tesi for fluorescent NAFLs.

1 Ooc laise positive in IZ DIank OF GESONVED SAIYPICS.

A Ouly 3 fasc negatives in 45 samples with estimaied
NAPL saturstions berween 1% and 23%.

4. Semitivity depends on foorescent inlensity of NAFL:
at bow MAPL saturstioss, kerosene and chiorobeazens
were easier 10 detect than ietrachiorocihene.

5. Greater visual conlras! eviden! berween milky white

bringing more fluorescent fluid to the polybag wall

Soll-Water
Shake Test

0A

nCc

0A
2B
sC

0A

7C

2A

4C

0A

ic

A
8B
1C

3A
7B
1C

1. Difficult 10 positively identify clear, coloriess NAPL.
2 At relatively high saturations (between 1% and 23%),

NAPL presence was wsually suspected based oo fuid
rharseteriatin ot the fimd-sdr interface

3 As » resull, colorios LNAPL (keroscac) wes esicr (o
desect than colorkess DNAPL (chlorobenzene and
tetrschioroeibens ) meing the shake vesi.

oA
1B
10C

oA

noc

oA

7C

ZA
5B
iC

dA
3B
4C

oA
1B
L

3A

4C

1. Fairly effective for idcalification of LNAPL (keroeene),
bul mot DMAPLs, besed on fluid characieristics a1 the
Doid-air imterisce.

7 St fabes nogeties in 49 sample il etimatsd

NAPL saturations between 1% and 23%; caly 15
positive NAPL identifications in these 45 samples.

A

1uc

0A

1c

4 A

5C

BA

ic

10A

1C

11 A
oC

1A
ocC

1. Very effective simple sl

2 No falee poailives in 22 blank or dissolved samples.

1 Ildentified NAPL presesce in 40 of 45 samples with
eatimated NAPL salurstions >1%. False negatives
oo b ey d ol thees 4% asmples

4. Dye coloralion obvious even in black Lopecd] aampics.

5. NAPL desaity relative 10 waler wae correctly
determined in 21 samples snd misjudged s 1 sample.

& Can be weed 10 estimale quantity of NAPL in sample.

Centrifu-

OA
1B
1wc

DA
B
1nc

5A

5C

A

1C

1A
eB
oc

11A
0B
oc

1A
0B
ocC

1. Slight enhancement of Inydrophobic dye shake Lost.

2 No falsc positives i 22 blank or dissoived samples.

i Identified NAPL presence is 42 of 45 samples with
oalimated NAPL saturalions >1%. Falsc negative
recorded in only 1 of these 45 samples.

4. NAFL density relative to water was correctly
determined im 43 samples and misjudged i 3 samples.

5. Cam be wsed 10 estimate quantity of NAPL in sample.
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Table 2. Comparison of Well Grouting Materials

Type

Advantages

Disadvantages

Bentonite

Cement

* RAeadily avallable

= Ingxpensive

= Aeadily available
* [nexpensive

« Can use sand and/or gravel
filter

= Possible to determine how
wall tha cement has bean
placed by temperature logs
or acoustic bond logs

+ May produce chemical
interferance with water
quality analysis .

» May nol provide a complele
seal because
—There is a limit (14% to the
amount of solids that can be
pumped in a slurry. Thus,
there are few solids in the
sl shwuild wait for liquid to

bleed off so solids will settle

—During installation,
bentonite pellats may hydrate
before reaching proper
depth, thereby sticking to
formation or casing and
causing bidyging

—Cannot determine how
effectively material has bean
placed

—Cannot assure complate
bond to casing

* May cause chemical
interferances with water
quality analysis

« Requires mixer, pump, and
tremie line; genarally more
cleanup than with bentonite

a Shrinke whan il eate:
complete bond to lormation
and casing not assured

Source. Driscoll (1986).
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Tablc 54, mmwﬂmww-ﬂmqﬂmm Aller of al 1909 Fdil of al
1992).

BENTONITE AND BENTONTTE-CEMENT GROUTS: Bentonile s & hrydrous aluminum silicate comprised primarily of montmorilionile
chary. Tumwdmuumhmhwmnlsmrmmmndqhmwnunmu
within the expanding clay lattice. The low permeability and expansion of beatonile i waier are desirable properiies for scaling sbandosed
poreholes and well annular spaces. Bentonite grouts are best prepared msing mechanical mizers sad should be pumped under pressure in
place from the base of the interval 1o be grouted through » tremic pipe. Bentocalic grouts should be mized in batches s that they can be
pumped before becoming Loo viscous. Bentoaile grout shoukd sot be placed in the vadose 2one because it will dry, ahrink, and fracrare.
Bestonite grout may also ahrink snd fracture in the presence of hydrophobic NAPL Several svailable benlonite groot types are described
below.

Besisalis Blurry Growd & commonly prepared by mixing dry bemtosite powder in fresh waier i a ratio of 15 Ibs of bentonite 1o 7 palloss of
water 1o make 1 " of shurry. Thick ahirrics may gel prematurely and be impossible 10 emplace. Due 10 their low solids content, bentonite
slurries tend to setile as liquid bleeds off, requiring the emplacement of more slarry.

Quick-GeT® Bentoale Drilling Mud Gresd is slurry of sodium beatonile snd water that i marketed primarily s » drilling mud. Grouts of
Varying viscosity and strength can be obtained by miring different proportions of Quick Gei®, water, and sand. Slurries containing sand
appesr more sisble than pure Quick Gef®. Edil et al (1992) found that Quick GeM alurries of different sand contenl and viscosity form
poorer annulus seals than neai cement, cemeal-bentonite, sad Beaseal® -bestonite shurry grouts.

Velclay® Benlonlic Powier Groal B § COMIENT DENLONILE-DRSO0 CIEY ETOU! LRAL i fUSTOUlELCS for sealing ol wecll
spaces. Edil et al. (1992) mized 21 Ibs of Voiclay® per gallon of water and added 2 Ibs of magnesium oxide powder as & seiting inhibitor 1o
each 50 Ibs of Voicley® slurry. They determined (hat Volcley® grout bas a stiff gel structure which adheres 10 PVC but not steel well
casing and thal il is 0ot m effective & well scalant a pes! cement, cemeni-bentonite, and Benseal® beatoaite slurry grouts.

Besscal® . Bentoalts Slurry Gront i 2 mixtore of Bensea!® | o granular nondrilling mud grade benlonite developed for use in sealing sad
grouting well casings, and bentonite powder with water. Edil et al (1992) mixed 30 lbs of Narural Gel® (s matural, nmaltered bentosite
powder) with 100 galions of water, and Usen used a venturi pump Lo mix in 125 Ibs of Benseal® 1o the alurry. They found Lhal this grout
sdberes to meel and FVC caing, has low permeability, good swelling characteriatics, and flexibility, and is an excellent scalanl.

Bentonite-Cemeni Grosd is a slurry incorporating § 1o 6 galions of waler and 2 10 6 Ibs of benlonite powder for each 94 s (1 0%) of
Portland cement. Bentonite improves the workability of the cement slurry, reduces slurry denaity, and reduces grout shrinkage during setling.
Edil &t al (1992) found the addition of 5 b of bentoaite per 94 Ibs of cement forms » rigid well annulus seal with low permeability and high
OUrEDUITY; BDG LT LDE roul Sdbores w0 ses] cmiog, bul sppeaed sl s ofilsstuon shoug e grout-TYC ceslag ateriecc.

Beniontic Pellets can be used 1o seal borebole or well annulus intervals. Wet pellew, however, tend 1o stick to well casing and borehole walls,
and bridge high sbove their intended placcmen! dcpth. A lamper ean be used 1o break up bridges, but this Lechnique becomes ineffective st
depths gresier than spproximately 20 . Peliets can be frozen msing refrigerstion or liquid nitrogen 10 increase their fall distance.

PORTLAND CEMENT: Meal cemen! i 8 mimiure of Portlasd cement (ASTM C-150) and waler in the propoction of 5 1o & pallons of ckean
water per bag (94 Ibs or 1 i) of cement. Five types of Portland cement are produced: Type | for general wee; Type 1T for moderate sublaie
resiastance of moderate beat of bydration; Type [0 for high earty sirength; Type IV [or low best of Bydration; and Type V 1or Righ sullste
resistance. Type | is most widely-used in well construction or kol abandonment. A typical 14 Ibigallon peal coment slurry with a mized
volume of 1% 0 will have & set volume of 12 ft’, reflecting » 179% shrinkage The setting time ranges from 48 io T2 brs depending primarily
on waler conlent.

Common additives inchede: (1) 2 10 6% bealoaite 10 reduce shrinkage, improve workability, reduce desaity, and produce & lower cost per
volume of groat; (2) 1 o ¥ calcium chioride o scoelerale the setling time and thereby create higher early sirengih, of particulsr valve in
rnld Aimatea; 1) 3 00 &% gypaum 1o prodess s golel ssling very haed i thal erpmeds upon setling: (4] <19% ahmminon powder 1o
produce o quick-sefiing srong cement that expands upon setiing; (5) 10 to 20% fyssh 1o incresse sulfaie resistance sad provide early
compressive streagih; (6) bydrorylated carborylic scd 10 reward setting lime and improve worksbility withoul compromising set strength; snd
{T) diatomaccous esrth to redoce alurry desaity, incresse waler demand and thickening lime, snd reduce set strength.

Edil & al {1992) found meal cemenl grout forms 8 rigid seal with low permeability and high durshility that sdiveres Enirty weil w0 steel and
PVC caaing. Kurl and Johneon (1982), bowever, report hat meal cemen| anaular seals are subject 10 channeling berween the caing and
groat due to \emperature changes during curing, swelling and shrinkage during curing, and poor boading berwoen the ground and casing.
Comenl shrinkage can produce frascturcs, thereby degradiog the inlegrity of the grout scal Cemeat slurrics can imfiltrate the well sandpack,
particularty if well developmen| oocun prior 10 when the cemenl has completely set. Thus, & misimum of 1 10 2 fi of filler pack is weually
exiended in the annulus above the Lop of the well screen.  The high heal of cement bydration can compromise the inlegrity of thermoplaatic
cming Cement is » highly alkaline substance with a pH thai mnges from 10 10 12 This can aher groundwaier pH.
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Table -7,  Advaniages and disadvantages of some common well casing materials (modified from
Driscoll, 1986; GeoTrans, 198%; and Nielsen and Schalls, 1991).
==
TYE ADVANTAGES L DISADVANTAGES £
FLUOROPOLYMERS Excellent chemical reaisiance 1o organic Lower tensile sirengih and wear resistance
such ss polyuerafisoro- el Ao GONTUMYE COVITTRICRLS; d 1o other plastics, irom, or stecl
etbyene (FTFE), tetra- practically inscduble in all organic liquids Expensive relative 1o sleel and olber plastics
fluorosthyiens (TFE), and exoep & few Buorinaied solvents
Auorinsied cbylone
propysene (FEF) High impaci strength
THERMOFLASTICS: More reactive than FTFE
POLYVINYLCHLORIDE Essy workability (with thresded couplings) Poor chemical resistance: to aromatic
(P¥C) AND ] 65 =y R, CRACTE, =m gk
ACRYLONITRILE el soivenls
BUTADIENE STYRENE Renintant 10 alcobols, aliphatic hydrocarbons, Much lower tenaile, compressive, and
weak and sirong alkalies, oils, sirong miners! collnpec strength than siedd or iroo
acida, and oxidizing acids May adeorb or elule Uraoe organics
Completely resistant to gahvanic and PVC glues, if meed, may contribule orpanic
ocorToaion chemicals o well waler
High mirenpih-to-weight ratios, and resistant
o sbrasion
STAINLESS STEFL Stroager, more rigid, and lem temperature- Expenaive
such as Type 304 and seoaitive than plastic materiak Msy caialyze some organic chemical
Type 316 Good chemical resislance b0 OFpanic resclions
chemicak May corrode §f exposed 1o long-lerm
Resistant o cormosion and oxidation corrosive conditions and keach chromium
Readily sonilable Hesvy
CARBON BTEEL Stronger, more righd, and less \emperature-

Espeosive
Rusts caaily, providing high sorplive asd
resclive capacity for many metals and
organic chemicals

Subject 1o cormoaion (under condilions of
low pH, high dissclved cxygen, H'S
[ Iﬂﬁnpl.hﬁld-ﬂvﬂ'

solide, > 50 mg/l. CO,, or > 500 mg/L. O
Hexyy

GALYANIZED STEEL

Stronger, more rigid, and jem temperature-
scgitive Lthan plastic malcrisks

Expenaive

Will rust if gahvanized costing is scralched
Resislance 10 cormosion provided by zinc
coaling may be short -bived

May be source of minc

Heavy
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Table 9-1. Drilling and excavation costs in Apeil, 1967 dollars (from GRI, 1967).

S g Y /' MEAN COST
Soil Borings (347) M s18m s
Rock Coring ss0m ] s4m
Stainless Sieel Screes (77, BTSN s 52525
Iostalled)

Stainless Stcel Riser Pipe (T, om sum -1
Inatalied) :

PVC Scroes (2, installed) 5505 0 sE50 S35 1
PVC Riser Pipe (2, imstalied) 585 B iy 565 It
Protective Casing $150/each $S0veach $113ench
Shelby Tube Samples (3) $125/each Faivench $BSjench
Water Truck Restal S0y
Steam Cicaser Rental $125/day So0uday SBSkduy
Sicam Clesning Time $140/r $112r $125r
Stand By Time $140Ar $112hr 5125/
Drilling s Lewe © Frolaction $123/ar S 87 /ar
{Add)

© Mobilization. and 51250 500 51075
Demobilization (200 miles)

Test Pit Excvation
Sanall Rubber Tired Backhoe $70 - $110/Mr
nd Chperaton
Large, Track-Mounted
Backhoe (2 yd” shovel) and $100 - $170/r
Operator
Mobilization sad $50 - $100/r




