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WORK PLAN ADDENDUM 
ADDITIONAL CI-IARACTERIZATION OF VADOSE AND PERCHED WATER 

WliS #40.03.04 
IN THE K-65 AREA 

INTRODUCTION 

This work plan addcndurn prcscnts a sampling and analysis plan for further investigations to 
charactcrizc Uic presence, extent, and quality of vadose and groundwater in the glacial overburden 
immediately to the west of K-65 Silos 1 and 2. Results of the proposed work will be incorporated 
in the CERCLMICRA Unit (ClIU) 4 and CRUS Remedial Investigation Reports. Assessment 
of the contaminarion in tlic unsatiirated (vadose) zone of the glacial tills and an assessment of the 
probabilily of leakage into tlic suhsurlxc: from ptcn~ial  source areas, including the K-65 Decant 
Sump Tank, arc also iiia,jor ohjcclivcs of  tliis investigation. Results of previous investigations 
have been incorporatcd i n  tlic Ilciiictiial Invcstigation Report for OU4 (CRU4). dated October, 
1992 (Draft); those results, tuhlcs, and ligurcs pertinent to the soils and perched groundwater near 
Silos 1 and 2, and to tlic proposed work are presented in Section 2.0 below. 

The K-65 waste srorasc silos arc large concrete storage structures which were built in 1951-52 
at the FEMP. l l i c  silos arc located south and west of the Waste Storage Area on the west side 
of the FEMP propcny. The cylindrical silos are approximately 80 feet in diameter, with walls 
approximately 26 fcct high atid domed roofs. They were constructed to provide storage for the 
residues rcsullin~ I'rom processing pitchhlcndc ore and concentrates to extract uranium content. 
The term "K-65" refers spccilically to radium-hearing wastes generated during the uranium 
extraction process. Ilislorical rl:ita indicalc that Uic waste slurjes in Silos 1 and 2 have settled 
to form a rnud-likc material that is a mixturc: of clay, silt, and sand-sized particles. Uranium 
concentration tias hccn nicasurcrl at approximately 1400 ppm in Silo 1 and 1800 ppm in Silo 2. 
Approximately 1.6 to 3.7 kg ol'rarliutii tias been estimated to be stored in the K-65 silos. 

The K-65 silos were constructed with a11 underdrain system to collect any potential leakage 
through Ihc Iloors. lllis undcrtlrain system consists of an %inch thick layer of gravel with a series 
of drainage pipes hcncalli tlic Iloor which discharge into the decant sump tank. Access to this 
tank is provided hy a Winch iliamctcr vertical corrugated pipe. 

By 1963, rcpairs to tlic tlctcriorated cxrcrior surfaccs and roofs of the silos had begun. After 
repairs to the walls wcrc co~nplctcrl, a11 cartlicn embankment was built to the roof line of Silos 
1 and 2 to provide rclicf lioiii tensile stress within the walls. The embankment also provides 
weather protection, a reduction i n  rrrdon ciiussions, and increased shielding from penetrating 
radiation. To furihcr rcducc the risk of routine or catastrophic emissions of radon from Silos 1 
and 2, the K-65 Silos I<ciiioval Action (No. 4) involved the installation of a bentonite clay layer 
over the radium-hearing radioactive wasrcs. Also, the Decant Sump Removal Action (No. 5) was 
performed to rcniovc and dispose of conlaminatcd water from the tank. 
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2.0 PREVIOUS INVESTIGATIONS 

2.1 Subsurface Soils 

The objectives of the silo subsurface soil sampling program were to determine the vertical and 
horizontal extent and venfy the source of radiological and chemical contamination surrounding 
the silos. Low-angle slant and vertical borings were placed at selected down and upgradient 
locations, and laboratory analyses were performed on samples. Summary results are presented in 
Appendix A of this addendum excerpted from Table 4-22 of the draft OU4 (CRU4) RI Report 
Radiological analyses revealed that the principal constituents above background levels include: Pb- 
210, PO-210, Ra-226, Th-230, total Th, U-234. U-238, and total U. 

2.1.1 The five slant borings and sample locations are shown in Appendix A, Figure 2-5. 
All borings except 1616 were advanced only to the fust perched water zone. 
Boring 1616 was temporarily cased and advanced through the perched water zone 
to soils underlying the decant tank Cross-sectional profiles are shown in Figures 
4-12 through 4-16; analytical results of the major contaminants, total U. Ra-226, 
and Pb-210 are also shown at their respective sample locations. 

2.1.2 Additional glacial overburden subsurface samples were collected at various depths 
during the installation of monitoring wells drilled around the silos (Figure 2-7, 
Appendix A). The analytical results presented in the accompanying Table 4-33 
show that the radiological concentrations range from ~0.05 to 15 pCi/g. The 
highest concentration, U-238 at 15.0 pCi/g, was found in Monitoring Well 1072 
at a depth of 0-1.5 feet Results indicate that contamination is confined 
principally to the area immediately under the silos or near the surface around the 
silos. There is a general decrease in concentrations of Ra-226, Pb-210, and total 
U with depth. 

2.2 Perched Groundwater 

2.2.1 To supplement existing data and more accurately determine the nature and extent 
of contamination beneath the silos, six water samples were collected from the 
slant borings. Results of radiological analyses performed at the contract RYFS 
laboratory are presented in Appendix B. Table 4-27A. Among the detected 
radionuclides, Ra-226 was detected only once in Boring 1618; uranium was the 
most frequently detected constituent in most of the borings, with a maximum toMl 
concentration of 6.3 pgL. Ra-226, Pb-210, and Po-210 were not detected in the 
perched water downgradient of the silos. Concentrations of Total U were detected 
at 439 pgA and 276 pg/l in Boring 1616 and in Monitoring Well 1032 
respemvely. The 439 pgh from Boring 1616 was rejected due to lack of proper 
QNW, but it should be noted that the o ~ t e  splitof this same sample revealed 
a concentration of 390 +I@ Total U. 
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Sample splits of the slant boring water samples were sent to the FEMP laboratory 
for duplicate radiological analyses (Appendix B, Table 4-27B). Many of the 
analytes were found in concentrations consistent with the RVFS laboratory results. 
However, the total U and individual isotope results from Boring 1617 differ 
dramatically from the other borings and from the results obtained by the RVFS 
laboratory. Due to more suingent QNQC protocols at the RVFS laboratory, the 
FEMP laboratory analysis was disregarded at that time. Additional analyses are 
now proposed to clarify the discrepancy. 

2.2.2 Perched water samples have been collected from five 10Oo-series monitoring 
wells around the silos. Figure 4-22 in Appendix B shows the distribution of total 
U in these five wells. Well 1032, west of Silo 2, contains the highest 
concentration of total U 276 @L and its highest individual isotope, U-238 (96.8 
Kin, (Appendix B, Table 4-38); this concentration may be attributable either to 
silddecant system leakage, historic spills, or to contaminated backtill encountered 
in the boring. 

2.2.3 Possible leakage from the silos, moving through the vadose zone into the 
groundwater, may account for detected above-background uranium values in the 
shallow soils. However, in only one instance have above-background levels of 
Ra-226 been detected in the perched water. This level was at Location 4 in 
Boring 1618, where the concentration of Ra-226 was 2.89 pCi/L directly below 
the center of Silo 1. This evidence suggests that migration from beneath the silos 
toward Paddys Run may not have occurred. The silos are a unique source of 
large quantities of Ra-226; therefore, Ra-226 should be useful as an indicator of 
releases. But, there are significant differences in the solubility of radium and 
uranium compounds found in the silos and the presence or absence of Ra-226 
alone is inconclusive evidence of leakage. Also, uranium contamination could be 
originating from any of the waste storage facilities at the site. Additional 
sampling and analyses proposed below will further characterize Ra-226 as an 
indicator. 

3.0 PROPOSED INVESTIGATIONS 

3.1 Background and Summary 

Preyious monitor well installations and slant borings under the silos have indicated the 
presence of a prominent perched water-bearing zone encountered at an elevation of 
approximately 563 feet above mean sea level (MSL) or approximately 7 feet below, 
ground surface (Figures 2B and 2C). Indications of a lower perched zone at 
approximately 552 feet MSL were found only in slant Boring 1616 (Figure 2A). 
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However, the lower perched zone appeared as a brown clay in Boring 1032, at 551 feet 
MSL Figure 2 0 ;  contamination found in Boring 1616 could represent cross- 
contamination from the upper perched zone. Proposed work is intended to further 
evaluate this suspected lower zone. 

This project will also evaluate discrepancies in total U and individual isotopic analyses 
on Boring 1617 obtained from the contract RYFS and FEW laboratories. Due to more 
stringent QNQC procedures at the RVFS laboratory, the FEMP analyses were origmally 
considered inaccurate. 

Data Quality Objectives for the proposed work are presented in Table 1. The following 
investigation will be conducted in order to further characterize the vadose and perched 
water zones: 

a) drill, install, collect, and analyze samples from two 1000-series 
piezometers in the uppermost perched water interval, in the K-65 silos 
area (No. 1891 and 1893, Figure 1). 

b) collect Hydropunch II(Th4') water samples in the upper perched water 
zone at a single location west of the K-65 Decant Sump Tank (1892, 
Figure 1). Mer cementing casing through the upper perched zone, 
drilling will continue to a possible lower perched water zone indicated 
during slant boring and sampling operations, or to an equivalent elevation 
if the zone is absent: Depending on the availability of perched water, a 
piezometer or lysimeter will be installed to obtain a water sample. 

c) install and sample three lysimeters in the east bank of Paddys Run 
(Figure 1) to determine if contaminated vadose or perched water is 
entering the stream and, by inference, the Great Miami Aquifer. The 
borings for the lysimeter installations will be completed by hand 
augering. A technical specification summary which demonstrates the 
installation methodology for the lysimeters is presented in Appendix C. 

d) collect one round of groundwater samples from Monitoring Wells 1032 
and 2032. 

All drilling, sampling, and piezometer installations will be conducted according to 
procedures defined in Appendices D, J, and K, Draft Sitewide CERCLA Quality 
Assurance Project Plan (SCQ), dated September 22, 1992, and in Section 5 of the FEMP 
RYFS Quality Assurance Project Plan (QAPP). When more specific or more stringent, 
the SCQ procedures will take precedence. Procedures for lysimeter installation and 
sampling are presented in the attached Appendix C. Data Quality Objectives are shown 
in Table 1. 
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3.2 

, 

Continuous soil samples will be collected through the till in each boring and hand-augered 
location. All recovered samples will be radiologically screened, stored in 500 ml glass 
jars, and archived for possible future analyses. 'Ihe results of the radiological screening 

is required. All water samples collected from the various locations will be analyzed 
primarily for Ra-226 and U-238 contamination and fluqrescein dye tracer placed in the 
K-65 Decant Sump in mid-1991 and October 1992 (TAL 50.03.13-A). General 
Groundwater Chemistry, Limited Radiological, and Limited HSL analyses (TAL 50.03.13- 
B) will be performed if sufficient water volume can be collected. All analyses will be 
performed at an approved RVFS laboratory. 

will be evaluated by FEMP CRU4 and CRUS staff to determine if additional soil analysis \ 

Drilling, Hydropunch Sampling, and Installation Procedures 

3.2.1 

3.2.2 

Piezometers 1891 and 1893 

Two 1000-series piezometers, 1891 and 1893, will be installed These 
piezometers, shown in Figure 1, are located approximately 100 feet southwest and 
northwest of K-65 Silos 1 and 2 respemvely. Total depth is anticipated to be 
approximately 12 feet below ground surface (+558 feet MSL, Figures 2A, 2B, and 
2C). at the base of the upper perched water interval within the glacial till. 

Soil boring will be performed with a truck-mounted drilling rig using hollow-stem 
augers; continuous samples will be collected by advancing a split-spoon sampler 
(minimum 2-inch ID) ahead of the auger bit. Soil samples will be screened and 
archived as described in Section 6.0 below for possible future analysis as 
determined by site CRU4 and CRUS personnel. Borings will be converted to 
piezometers by installing 2-inch schedule 40 PVC screen (.02 Slot) and riser and 
developed for water quality sampling. 

Hydropunch Sampling, Boring 1892 

At Location 1892, a drilling rig with at least a IO-inch outer diameter hollow- 
stem auger will be used in conjunction with a Hydropunch 1 1 0  sampler to 
collect water samples within the upper perched water bearing zone beginning at 
approximately +563 feet MSL (Figures 2A and 3); samples will be analyzed for 
parameters as previously stated. If adequate volume is available, additional 
analyses for secondary parameters will be performed. In order to maximize water 
recovery, the Hydropunch sampler will be operated in the hydrocarbon recovery 
mode. Continuous split-spoon samples will be taken ahead of the rotary auger, 
providing a pilot hole in the perched zone for the Hydropunch sampler. Samples 
of the glacial till will be archived as described in Section 6.0 below for possible 
future analysis. 

y281p) 
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After Hydropunch sampling has been completed, boring will continue to the 
underlying confining layer, and %inch ID steel casing will be cemented in place 
to the surface. After the cement has been allowed to cure for a minimum of 24 
hours, 8-inch augers will then be used to drill through the depth of the suspected 
lower perched water interval (approximately +552 feet MSL), and either a 2-inch 
PVC piezometer or a 2-inch lysimeter will be installed; continuous soil samples 
will be collected and archived through the till. Flnal selection will be the 
responsibility of the FERMCO Manager, Field Program Development Section, 
depending on the volume of water found in the boring after it is left open 
overnight. 

3.2.3 Lysimeter Installation 

If water yield in the lower zone of Boring 1892 is determined to be inadequate 
for a conventional piezometer, a lysimeter will be installed at a depth 
corresponding to that of the suspected second perched water bearing zone. The 
lysimeter proposed for use during the monitoring and sampling period is a 2-inch 
diameter pressure vacuum soil water sampler as presented in Appendix C; the 
manufacturer may vary. This lysimeter consists of a micro-porous ceramic cup 
at the base which allows water entry through capillary forces, an 18-inch PVC 
cylindrical body with full-depth riser, and a PVC head The head assembly 
attaches to the riser and connects sample and pressure ports to the lysimeter via 
1/4-inch nylon tubing. The lengths of nylon tubing extend from the lysimeter 
body through the riser to the head at the surface and are used for vacuum 
extraction and pressure sampling. The sample tube extends from the head 
through the lysimeter to a point just in contact with the inside base of the 
lysimeter. The vacuum extraction tube extends into the lysimeter to a point 
approximately 3 inches below the inside of the cap. 

Each length of nylon tubing will be clearly identified and attached to the proper 
fitting at the lysimeter head. Installation will be performed in general accordance 
to manufacturer’s recommendations shown in the Appendix C. Specifically: 

a) The lysimeter and associated tubing will be thoroughly 
decontaminated in accordance with standard procedures utilized 
for well screens prior to installation. After lysimeter and nylon 
tube decontamination, the ends of the tubing will be clamped off 
at the surface to avoid the inadvertent introduction of foreign 
material into the tubing. The lysimeter components will then be 
assembled and installed with full depth 2 inch PVC riser screwed 
onto the lysimeter body to house the nylon tubing. The tubing 
will be measured and cut to allow approximately a 2 feet stick-up 
at the surface. 
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4.0 

A 3.to 6 inch thick slurry of Silica flour and distilled water will 
first be tremied into the open borehole. 'Ihe lysimeter and riser 
will be gently lowered into the boring and secured at the surface 
to prevent floating. 

b) Additional slurry will then be placed to 2 4  inches above the top 
of the ceramic tip of the lysimeter. At that point, 80/100 mesh 
sand will be poured to approximately 3-6 inches above the top of 
the lysimeter, followed by a column of Volclay grout to within 
three feet of surface; this grout seal will be placed with a tremie 
line and will prohibit shallow water from draining down into the 
lysimeter zone. The lysimeter head will then be COMeCted to the 
tubing. 

Finally, protective casing will be cemented in the boring to 
complete the installation according to RYFS QAPP procedures 
used for 1000-series piezometers. 

c) 

3.2.4 Paddys Run Lysimeters 

Three lysimeters will be installed along the east bank of Paddys Run (Figure 1) 
to determine if contaminated groundwater is migrating into the surface water and 
subsequently, the Great Miami Aquifer. Topography along the creek precludes 
the use of a drilling rig. , Therefore, a 4 inch hand auger will be used to drill a 
boring to a depth of 6 feet; soil samples will be collected, screened, and archived 
as described above. Visible moisture has been observed seeping from an interval 
5-6 feet below the top of the east bank of Paddys Run adjacent to the silos 
(approximately +550 feet MSL). Two inch lysimeters will be installed with silica 
flour, 80/100 mesh sand and Volclay as described above. Since the locations are 
relatively inaccessible and untraveled, final backfill will consist of Volclay grout 
to surface. PVC tubing and locking lysimeter head will be installed to allow 
approximately a stick-up of 2 feet at the surface; steel protective casing and final 
cement cap will not be installed. 

PIEZOMETER DEVELOPMENT AND WATER SAMPLING 

After final determination of the screen length and completion of Piezometers 1891 and 1893, 
FERMCO will develop them according to procedures outlined in the RVFS QApP for 1000-series 
piezometers to ensure that they are as clear of fine sediment as possible and to obtain one round 
of groundwater samples. Perched water samples will be analyzed at a contract RUFS laboratory 
for both the primary and secondary parameters presented above if sufficient groundwater can be 
recovered within 48 hours after development. (Figures 4 and 5) .  
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Trip blanks for Volatile Organic Compounds (VOCs) will be included with the post-development 
water samples collected (TAL 50.03.13-C). In addition, rinsate and duplicate samples (one for 
every 20 samples or fraction thereof) will be collected and analyzed for all secondary paramew 
as specified in TAL 50.03.13-B. When sampling has been completed, the wells will be 
incorporated into the site long-term groundwater monitoring program. 

5.0 LYSIMETER SAMPLING 

After satisfactory installation of each lysimeter, a vacuum hand pump will be attached to the 
pressure port of the lysimeter head and used t~ evacuate the lysimeter body to a pressure of 
approximately 18 inches of mercury. The lysmeter will then be allowed to equilibrate for a 
period of 24-48 hours. After that time, a positive displacement pump will be attached to the 
pressure port and will be used to pressurize the lysimeter, forcing collected water out through the 
sample line to a container at the surface. The process will be continued until enough water is 
collected to satisfy primary (TAL 50.03.13-A) analyses, and secondary analytical requirements 
(TAL 50.03.13-B) if an adequate water supply collects within 48 hours (Figures 6, 7. and 8). 
One round of sampling will be conducted. All samples will be handled, documented, shipped and 
validated according to procedures defined in the SCQ. 

6.0 SOIL SAMPLE ARCHIVING 

Soil samples will be radiologically screened and archived according to the methods currently 
defined in the Advanced Sciences, Inc.' Standard Operating Procedure No. FPP-404, titled 
"Archive Sample Management" In general, all split-spoon and hand-augered samples will be 
containerized from a point immediately below surface vegetation to total planned depth. Samples 
will be placed in 500 ml glass jars, sealed with teflon lined lids, and stored in secure on-site 
containers for future use as determined by site CRU4 and CRUS personnel. 
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parameter 

Ra-226N-238 

Fluorescein 

Inorganics 

VOC* 

GWQ 

Alkalinity 

Full Rad 

M i .  Rad 

Min. Vol. 

I I i ta  

4oml 

2 X l l i t e r  

2 X 4 0 m l  

3 X 1 liter 

500 ml 

2 liter 

500 ml 

$111.2 

TABLE 2 
SAMPLING REQUIREMENTS 

Desired Vol. 

1 liter 

100 ml 

4 X  1 liter 

3 X 4 0 m l  

6 X  1 liter 

1 liter 

4 liter 

1 liter 

Priority 

1 

1 

2 

3 

4 

5 

6 

7 

Rzsewatives** 

HN03 

none 

40 C, HN03 

40 C. HCL 

40 C, H2S04 

40 C H2S04 

HN03 

HN03 
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Filtered* * 

Y e s  

n0 

Yes 

no 

no 

no 

Yes 

Ye= 

Store all VOC samples at 4'C until analyses. If H N u  readings of >5 units for >10 seconds are 
obtained or there is reason to suspect the presence of VOC's, then sample will be analyzed at 
RVFS lab. Otherwise sample will be used for lower priority analyses. 

** AU acids used for preservative will have pHQ 

*** Hydropunch sample may contain significant suspended silt; sample will be pre-filtered before final 
filtering at 0.45 microns. 

. . .  . .  
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FIGURE 3 
ADDITIONAL P E R C e  WATER CHLUL~CTERIZATION IN THE K-65 AREA 

HYDROPUNCH II SAMPLING / PIEZOMETER / LYSIMETER 
LOCATION No. 1892 

PROPOSED SAMPLING SEQUENCE ACTUAL SAMPLING SEQUENCE 

ESTIMATED TOTALS 
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ADDITIONAL PERCHED WATER CHARACTERZATION IN THE IC-65 AREA 

LOCATION No. 1891 
PIEZOMETERS 

PROPOSED SAMPLING SEQUENCE ACTUAL SAMPLING SEQUENCE 

* 

ESTIMATED TOTALS ACTUAL TOTALS 
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FIGURE 5 , .  
ADDITIONAL PERCHED WATER CHARACTEREATION IN THE I(-65 AREA 

LOCATION No. 1893 PIEZOMETERS 

PROPOSED SAMPLING SEQUENCE ACTUAL SAMPLING SEQUENCE 

* 

ESTIMATED TOTALS ACTUAL TOTALS 
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4112 ' FIGURE 6 

ADDITIONAL PERCHED WATER CHARACTERIZATION IN THE K-65 AREA 

LOCATION No. 1894 
LYSIMETERS 

PROPOSED SAMPLING SEQUENCE 

ESTMATED TOTALS 

ACTUAL SAMPLING SEQUENCE 

ACTUAL TOTALS 
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ADDITIONAL PERCHED WATER CHARACEREATION INTHE K-65 AREA 

LOCATION No. 1895 
LYSIMETERS 

PROPOSED SAMPLING SEQUENCE ACTUAL SAMPLING SEQUENCE 

ESTIMATED TOTALS ACTUAL TOTALS 
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TABLE 4-22 

RADTOLOGICAL CONSRTENTS FOR K-65 SILO SUBSURFACE S O U  

I 

compounds Frequency of 
(pcild Detection M a  Range UTL* 

Ac-227 

Pb210 

Po-210 
Ra-224 

Ra-226 

Ra-228 

sr-90 

Th-228 

Th-230 

Th-232 

Th-TOTAL 

U-234 

U-235/236 

U-238 

U-TOTAL 

4n7 

ions 

11115 

1W3 

16/21 

la21 . 

1/6 

16/19 

1 4RO 

12m 

15/21 

i 8/19 

5/20 

18/19 

12/17 

5.03750 

24.11400 

9551 80 

1.08182 

33.36869 

0.86483 

0.81600 

1.48988 

5.78871 

0.99950 

824267 

14.88806 

3.64660 

1623800 

593667 

056-9.66 

052-101 

0.938-626 

0.67-1.71 

0.6 13-206 

0.485-124 

0.816-0.816 

0.768-206 

0.8-53.7 

0.62-15 

3.34-13.6 

0.8-139 

0.853-9.92 

0.76146 

1.51-110 

NA 

223 
2.23 

1.475 

2.613 

1.475 

NA 

1.475 

2.109 

1.668 

N A  

2109 

0.097 

2.368 

NA 

Upper Tolerance Limit 
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m work Plan 
TIMCO” Lysimeters for Vadose D~ J-- 28.1993 

f. : 1. Porous Ceramic Lysimeten: Sizes Available with PVC Body : - 
type I 

Cup type I 
190’ (483mm) x 175’ (c45cm) 
190’ (483mm) x 175’ (45crn) 

. TIMCO” Lysimeter Accessory Items 
Lysimetu A-oricl 

@ 

Tubing 
TIMCO’provides tubing to connect the lysimeter to the surface. Usually . 
114’ 00 Teflon* or polyethylene is suitable. 

- 
b n d  Pump 

& -Vacuum Pressu re  Hand Pump 

3 TIMCO” Select SiIica Flour 
. ST- 200 mesh (?9.8% pure) is available in SOlb (23kg) plzstic pails. Allow a 

minimum of 1 pail p e r  insialled lysimetet Mix each pail with 2 gallons of 
b%tilkd water to make about 6 gallons of sifica slurry. 

Slliu Flour 

Teflon* Slopcock The pump is used to apply vacuum 10 the lysimeter during the pore water 
earaction phzse  Pressure or vacuum is applied to deliver the sample 

.- 10 the surface 

Vacuum P r e s s u r e  Gauge  Assembly 
When instalied on the lysimeter mcuudpressure tube. allows for constant 
monitoring during the pore water extraction phase. During the sample 
recDvery phase, it will alert the user to potential overpressurization 

Teflon0 Stopcock and Delrin@ Shut-Off Valves 
Designed to allow easy sealing of the sample deliiery and vamumlpressure 
tneS when not using a lysimeter well head assembly. The TeflonQ stopcock 
is used with Teflono tubing. the Delrinb shut off valve is used with 
m e n e  tubing. - Lysimeter Head Assembly 
Designed tor-placement o n  t t i e - i i n g a i t h e  ijiiGd-su;ia&:%  provide^ a 
neat and secure termination of the tubes trom the lysimeter. A permanent 
Maftnnlpressure gauge and taps for the vaeuomlpressure and sample line 
are mwnted beneath the weatherproof cap. Stopcoclcs and gauge  2ssembly 
are not needed with Head Assembly. 

DeWRoprodt 

~ 

. .  
.. . 
.. . 
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The Thco(PI) Lysimeter Syster~ is designed for long t e k  use tn one l o c a t i o n .  
:are must be taken r i t h  the h u t i o n  t o  ensure correct o p e r a t i m  f o r  a long 
eriod. The r s s e d l e d  system s h d d  alr-ays be checked for leaks p r i o r  t o  b e i n g  

. u t  in the ground.. 

-5ould be' placed in boreholes of at  least 6" in diameter t o . a l l a o . f o r  
:ilia slurry pack t o  & r o u n d  the lysimeter. 

-lib. connection 'leads . t o  the vacmnn gauge on the head Lssembly. 
10 b e  applied t o  the &stem, thereby creating a vacuum gradient betveea the inside 
.f t h e  l y s G e t e r ,  'the silica slurry.pack, k d  the s o i l  u n d e r ' h v e s t i g a t i o n .  
-econd.'u-ked 'c&ecdmi -5s- .the sample eva-tion tube. 

. . The s p e c i f i c a t i o n  of the Silfca'flour k + e d . t o  surrouna the F n s k l e d  l y s i m e t e r  
-s criticzl and should. only' be purchked fron Timco. If a 6"-60rehole 'Fs"&ed, 
1 s i n g l e  .SO '+.'.pail Fill be d f i c i e n t  for ea& lysfmeter '&st+&.un. .The f l o u r  
-s =de- h t o  a slurry ;&th b d e d  .ra'ter before placenent... The. silica slurry 
'-s used t o  k t a b l i s h  a continmrrn betvets  the l y s h e t e r  uld: the :surjcouading s o i l .  
:Fnce the Thco<lX) sill& is not. vater  soluble, It '  Imnnediately..begins t o  s e p a r a t e  
l t s e l f  from the - & t i l l e d  Fter.  phea placed in t h e  ground. t h e ' & t e r  migrates 
n t o  %he soil ind k t a b l l s h e s  t h e  continuity required fo r  suzface.-tension t o  be  
: r & t t e d  :3ir & 'outs;ard ' d k e c t i o n  upon appl lca t ion  of .a  va--. This' e l l w s -  
q m o k t a r e  ktt&.hed..Fo the 'sail par'ddes to.be d& Fnto tlie.'iysfmeter through . 
--he s U c a  pack.  . - 

A Tube-or Cup Tppe-Lysheter has ap outside diameter of -1.9: o r  2.375". These 
adequate 

The l y s i n e t e r  has"the vacmrm/pressuri outlet  marked o n - t h e  lysimeter  top plug. 
It ' a l l o w s  a vacuum 

The 
This is connected t o  . 

:he h e a d . a s d l y  s q l e  f i e .  . . . .  

. . . -  . . .  '.a ' .  .. e .  : .  - 
. -  . .  
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If properly i n s t a l l e d ,  the' typical lysimeter system v i l l  be expected t o  produce 
; ' ,repee$entative s q l e s  for several decades. It is therefore i n p o r t a t  t o  c h e c k  

'out'the system thoroughly before takfxtg i t  t o  the i n s t a l l a t i o n  site. 
i x x a l l a t i o n  the system should be pressure and/or vacuum t e s t e d  t o  ensure i t  i s .  
l e a k  free. 

The .lysFneter system components supplied by Timco are cleaned a d  packed 19. 
p l a s t i c  bags. . 

procedures req&ed for equipment used t o  .ob& samples f o r  subsequent d c r o - a n a l y s i s  
. of t r a c e  pollutzats.  . If camplete decontadnathn is required, s e e  the SeC'tiOn 

. t i t l e d  nDecontzdnafion Procedures" and/or f o l l o v  those specff i e d  for t h e  b p e c F f i c  
job. 
p a s s  a t  least 2 liters of d k t i l l e d  water through the porous s e c t i o n  t o  e n s u r e  
cozaplete r a o v a l  of the l i q u i d s  used for the decontam'fnation. 
1s c q l e t e d  the conponents should. be bagged. .Subsequent handling should be done 
io a clean &ea using s t e r i l e  gloves. 

requ%r&&to .of the order. nfTIng these rith components from other sources a y  

Prior t o  

n e y  have not  been subjected to the rigorous decontamination 

Note that if the lysimeter body is decontamfnated I t  %All be n e c e s s a r y  t o  

After. t h i s  procedure 

.The sy.6tem components supplled are manufactured $iy-Thco  t o  satisfy- t h e  . 
.. 

l e a d  t o . . h c q a t i b i l i t y  problems r d t i h g  in lezkage OT f a i l u r e  of t h e  lysineter . . . 
system, - -  ' - 

* 1). .8ssembly of Tubing t o  F i t t h h s .  

. Tubing, becacse of i t s  slippery nature and r i g i d i t y ,  has-to b e  s p e c i d l y  grooved 
b e f o r e  a firt-  i s  at&ched. 
o f  t h e  fitr-hg u l d  cause leakage. T h c o  n o d y  grooves each end o f  the t c b i n g  
supplled rdth :he order. 
t h e  new end rill need t o  be grooved using a s p e c i a l  grooving t o o l  a v a f i z b l e  from 
T h c o . - . T h e  tool not only cuts the groove but a lso  places  t h e  groove a t  t h e  c o x e c t  
e i s t a n c e .  from the end of the tube. 

Failure t o  do so LU a l l o w  t h e  tubing to s l i p  o u t  

If the FPstaUation'requfres the tubkrg t o  be shortened 

2 ) .  k s e m b E n e  the System. 

. Bs -mentioned e a r l i e r ,  i t  is suggested that the complete syste?  -be a s s e z j l e d  
.z=--ay from the i n t t r l l a t i o n  s i t e .  
-der clezn condit ions.  

This w i l l  rllov f o r  the assembly and t e s t h g  
Tbe assesbled lysimeter Eay then be ezsi ly  p l a c e d  a t  the 

j o b  s i t e .  .. . 

The ssselrbly should begin with the attachment o f  the  v a c u d p r e s s u r e  a d  sample 
If necessary c u t  each t o  length, u k i a g  

Bote that t h e  Vacuum /Pressure o u t l e t  

This v i l l  

.. 
evacuation lines to the lysimeter top plug. 

the  previous fcstructions for the groovhg. 
at  t h e  top of the lysimeter plug is -ked v i t h ' a  "V". 
end o f  the tube connected t o  this fitting is s u i t a b l y  marked or tagged. 
provide assurance that the tubing is correctly connected t o  the Timco Head Assembly. 

essemble i t  a t  this t h e .  
s t r i n g .  
L b e s  to the bo::om of the head assembly. 
2s connected in the vacuum mode. 
t o  attach the end of the tubing t o  the hand pump (black end). 
=ay nov be tested for leaks. 

certain CUKS are clean and v e r t i c a l  to the horizontal length of the tubing. F O U W  

Sake c e r t a i n  that t h e  o t h e r  

C - .  

I f  the iut-tion i s  t o  involve threaded r i s e r  casing of a p p r o p r i a t e  l e n g t h ,  
?ass the tu0 tubes from the lysimeter through t h e  c a s i n g  

To c o q l e t e  the assembly attach the sample evacuation and v a c u u d p r e s s u r e  

- 
The Timco V a c u d P r e s s u r e  Hand Pump 

The black female hose-co-mector should b e  used 
The assem3led system 

5 
1 .  43 
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Effective use of t h e  lysimeter systemrequires that there be no air leaks. 
nethods are described to check &e assembled system f o r  leaks.* . 

B o  

Pressure Testing 

Cocpletely irslerse the lysiseter a d  the head assembly components. except 
f o r  the  gauge, ln rater. 
:he vacudpressure .line f i t t i n g  on the'  head assembly. 
pressure. 
f a c e r  section should give off bubblessver i t s  entire surface area, 
are observed in the tubing'fittings, diszssemble and check f o r  correct ~ssembly 
2nd recighten, 
zssembly nay be rTapped r ich  Teflon(B) tape prior .to reassenbly.. Leaks 5nvol-g 
the body ccmponeats of .the lysimeter should be checked for cleanliness, ? a x t i c u l z r l y  

Connect the pressure outlet o f -  the- Timco Hand P u q  ..to 
Apply 15 p s i .  o f  air 

Obseroe a l l  connections for evLdence o f  bubble leakage. The porous 
If l e a k s  

Leaks at the fitthg.coPnections .to 'the lysimeter body or the head . 

the surface that touches the O-Bings. .. . .. . .  . .  
Vacuum Testing 

. .  

The p o r o k  f i l t e r  media. o f  the, lysimeter body isb'sedled ,off  .r-Fth a Latex or 
flexible p h ~ c  mdrane.  
a d  securing i t  t o  t h e  body.of the 1ysimeter.above the poraui ' f i l ter.  
the stnple Talve. 
port on the head zssenblp, t n d  apply a vacuum In excess o f  20 Fnches o f  n e r d .  
Shut o f f  the faasum vzlue. 
f o r  several hours. znd then recheck the .vacuum reading. 
h c b e s  o f  nercury m y  b e  expected: I f  a large drop i s  noted,..+eck and r e t i g h t e n  
a l l  COImeCtiOnS iis described above. ' . .  

Secure a s d  by placfng rubber bands over the membrane 
Shut o f f  

Connect t h e  va&= i n l e t  of the pump to the v a c u d p r e s s u r e .  

Note the Facuum. r'eadip'g on the gauge. Letve the. system 
A. sdl drop of up i o  3 

?tewet&a the Porous Tflter Yedia . .. 

Tinzlly, 5efore taking the assembled lysimeter +stem t o  the i r s ta l la t ion  
s i t e ,  Timco(2X) recdmends that the lysimeter body be placed +a d i s t i l l e d  Filter 
a d  a vacum of about 15 iaches of. mercuzy be applied for  1 .hour. 
prevets all surfaces of  t h e  porous f i l t e r  media,. eliminating any entrtpped air 
-h the fi1:er p e d i t .  
d i s t i l l e d  rater i f  no riser ctsing is used, 
' f l o a t  on th'e wet s i l i c a  slurry d e n .  placed in the borehole. 

This  procedure 

The lysimeter should be izst.=lle&.rith t he  -body f i l l e d  r i t h  
An empty, unsupported lysiineter %SLl 

.: . 

3 3. I. 2 

-.* . . . .  -. . * N O T E  - A l l  Timco Lysimeters are tested at.Timco prior to shipping. fittings 
aay loosen during transit. 

I - .  

. .  
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Lnstallation and Evacuation of the Shallow L v s h e t t r  
, >. .'. - 
. i ; '  

'~i 'he:&stallation of a Timco Lysimeter System should be in accordance ViZh rhe 
following procedure. 
depths a Tinco(3li) Deep-Sapling Lysineter should be used- 

1). Borehole .heoaration 

It i s  suitable for depths of up t o  20 f e e t . .  For g r e a t e r  

The borehole must provide adequate space to d&v the l y s b e t e r  body to be 
surrounded by the s u c a  slurry p,ack. 
l z r g e r  borehole. 
s l u r r y . d . l  trouztd the porous f i l t e r  of the l y s b e t e r .  
Fn z d n t a i n i n g  an qpen borehole, use casipg to h o l d  back the material. 
r f t e r  Fnstallarion of the silica pack and lysimeter p u l l  back the casing *and fnstdll 
a bentonite plug.  

For a 2":diameter lysimeter u s e . a  6" or . 
The borehole must tllop for a t  least a 1.S" thickness of silLca 

h e d i a t e l y  
If d f f f i c u l t i e s  a r e  a n t i c i p a t e d  

2 ) .  m g  the S L l i c a  Flour Slurry .. -.. 

The linco(72.I) 200 mesh, 99.882 pure crystallqae s i l i c a  f l o u r  is d x e d  r 2 t h  
C i s t l l l e d  vater using a r a t i o  of 150 mls. uater to  450 grzrs of silica flour. 
7 5 c o  Silica Flour Fs supplied i n  a 50 lb. sealed pail. 
2 gallons o f  & s t i l l e d  c a t e r  t o  make the slurry and r i l l  be s u f f i c i e n t * f o r  a s h g l e  
lysfmeter i - - s tz l la t ion  i n  a 6" borehole. 
r z t e r  rtth consttnt stirring. 
Constznt'stkrihg I s  e s s e n t i d  as thc d U c a  is not. uater soluble and +U p e t t l e  
'f Pot agitated. 

The 
This w i l l  require  about 

Add the flour s lowly  t o  the distilled 
The d x  must be conpletely blended-and lrczpfree, 

3).  Plachn the Silica Slurrp Dack. 

Pour part of the s i l i c a  slurry into. the borehole to provide a bed for the . 
lysimeter. 
:=be-type lysimeter. 
a third of :he t o t a l  & i s  usually suff icient  

Ftrt icular  care'to  mke certain t h a t  the lysimeter body i s  c e n t r a l l y  10c.- o t e d  L 5 t h i P  
z5e borehole diameter. 
of the unit is essential. 

. . a d  accurate placement. 

A minim= of 4" depth for the cup-type lysimeter -and' 2" for the 
Depending upon the borehole diameter, between 2 q u a r t e r  and . .  

The T&co(Tg) Lysimeter System should nou'be lowered into the b o r e h o l e . .  Take . 

A minimum of 1.5" of s i l i c a  slurryaround the tanular  2rea 
Timco suggests Deka-Seal(R) casing be bsed f o r  support  ' 

Centralizers. v i l l  also assure c o r r e c t  placement. 
The balance .of the silica slurry should now be poured into the borehole to 

Note that you must. have t h e . .  conpletely cover and surround the lysimeter body. . 
lysimeter in i n t h t e  contact r i t h  the s i l i c a  slurry 2nd the slurrp m s t  f i l l  a l l  
voids in the bortom of the borehole. 
surface v i t h  stakes for  a t  least  2 hours u n t a  the silica sets. '  

second bentonite seal  is suggested near the surface. 
can be achieved v i t h  the T b c o ( M )  Lysimeter Head dssep;bly and a.Timco(M) S e c u r i t y  
Cover s e t  in concrete. 

The Lysimeter should be supported a t  t h e  

A bentonite seal  should be installed next, followed by tamped b a c k f i l l .  A 
Protection a t  the s u r f a c e  

4 )  . A c t i v a t h a  the Lysimeter 

If the lysimeter cas f i l l e d  with d i s t i l l e d  cater  before i n s c a l l a t i o n ,  t h i s  
should now be removed and discarded. 
sropper i n  a coilecrion flask. The flask should be of adequate s l t e  to  hold the 
s m p l e  from a f u l l  iysimeter. This method i s  unlikely t o  Gisturb the s i l i c a  pack 
a d  break the s e d  between the pack and the porous section of the lysimeter  which 
would r6sult in a lysimeter system failure. 

1. Open the vacutm-pressure valve and the sample valve on the head assembly. 
2. Attach the tube from the sample p o r t  on the head assembly t o  the hole in 

Timco recozmeads the use of a tvo por t  mbber 

8 

. .  

' !  

. .  

.. 
. .  

.. ' . .  . -.--. :. , ' 
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rubber stopper. 

T b c o  Band p q .  

=he collection flask. . 

(Tube t o  protrude about 1" lnto the flask), 
3. Attach-the second tube from the f l a k  t o  the vacuunrpressure inlet on t h e  

4 .  &ply a pentle vacuum t o  the system, rhe d i s t i l l e d  c a t e r  w i l l  flow i n t o  
(Tube t o  be flush vith the bottom of the mbber stopper).  

u t e r  renorfag the d i s t i l l e a  vater from the lysimeter, you are ready to a c t i v a t e  
the l y s i n e t e r  t o  obtain a sample. 
a f t e r  i p S t l l t i o n ,  it &ill %e necessary to  remove and d i s c a r d  the d i s t i l l e d  vater 
used t o  rake  up the sillca pack, (Remove a r-ater volume e q t d v d e n t  to e p p r o x h a t e l y  
one t h i r d  of that hsed .to.& up the slurry),* 
a f e v  days, the vater Ln the silica pack vFIl.rdgrate i n t o  the surrounding s o i l  
and establish t h e  contfnuity needed between the porous fl lter media and the s o i l .  
Sapples collected In thih situation should be considered representative.  Use the 
follorFng steps t o  a c t i v a t e  the system. 

Lf yuu stare the a c t i v a t i n g  procedure h e d i a t e l y  

If the 'ipstallation i s  l e f t  for 

.. . .. 1. close the sample evacuatikn valve. 
. 2. Connect the vacumn.inlet of the Band Pump'to the va&ressure p o r t  on 

. the H a d  Assembly. 
3. kqply.'a vacuum of 18-21 inches of mercury and close the vacuum-pressure 

4. When the gauge reads 10 incbes 'of mercury. or less, evacuation o f  vater 
valve, 

should be attenpted. (Up to 24 hours n;ay .be needed). 

*-  =: 
. 

Oshg 2 ga l lons  (7570 I&.) t o  nix the  s u c a  slurry vould mean that 
the.fFrst -6 gallons (2271 ~IS.) of d l s t u e d  c a t e r  should be discarded, 

. .  . .  

5 ) .  Evacuating the Lysimeter v i t h  Pressure 

- .  

-.- ,. -; 
The lysimeter body is pressurized and the sample is driven t o  the ground surface.  

A pressure of -44 p s i  is required fpr each foot of deprh. 
9 psi vill be needed t o  1 F f t . t h e  sample. 
L- depend upon the s o i l  conditions. 
or more are not ~ ~ C O I I I I D O B ,  

€or a 20' Fnstallation 
The t h e  taken to accuxuu3ate a sample 

Sampling intervals  separated by 68 hours 
Use the following steps t o  evacuate the lysimeter.  . 

1. Open t h e  sample evacuation valve and. the vacrnmrpressure valve, 
2. Connect the pressure outlet  of  the T+aco(lX) Band Pump t o  the vacuum-pressure 

' 

3. Pressure should be increased pently 'unti l  9 psi i s  achieved. 

. 
4. Sa==le i s  forced up through the evacuation l b e  and i n t o  a sample c o l l e c t i o n  
. f lask 

port on the lysimeter head assembly. 
(If 9 p s i  

were applied i n s t a n t l y ,  i t  is possible the s i l i c a  pack vould be damaged 
resulting in a lysimeter system failure).  

. .  

I. 

<. . 

. . .  - -  - .. .. . 
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This method is U e l y  t o  dis turb  the silica pack and d k o  reduces the 
p o s s i b i l i t y  of sample a e r a t i o n .  T h c o  does not recomend this method f o r  instal lat iom 
'greater than 20 feet in depth. A two por t  rubber s topper  in a c o l l e c t i o n  flask 

r e q u i r e d ,  Use t h e  folloving s t e p s  t o  evacuate t h e  lysimeter .  

I. Open the vacuum-pressure valve and the sample valve on the H e a d  P S S d l y .  
2. Attach the tube from the sample p o r t  on t h e  Head Bssembly t o  the hole i n  

3. Attach the second tube frm the f l a s k  t o  t h e  vacum-pressure p . o i t ' a n x h L . r  

4.. Apply a g e n t l e  vacuum t o  the system', the szmple vill-flow i n t o  the c o l l e c t i o n -  

t h e  rubber s topper .  

'T5mco(pz) Band Pump. 

(Tube t o  protrude about 1" i n t o  the flask), . 

(=be t o  be f l u s h  v i t h . t h e  bottom of the rubber stopper). 

flask. (Flesk t o  be of adequate s i r e  t o  hold the sample from a f u l l  lysimeter), 

. .  . : 

Vacuun-Pressure . 
Head dssemblp Port 

. \  

Smple Poro on 
Head AsseGbly 

Collect ion I n  F l a k  Lysimeter \ .. 

H u d  Azscmbly 

J 

.. . .. 
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Tine f q l l o r i n g  advice i s . p r o v i d e d  by Timco. 
p r o v i d e s  no guarantee that the procedures v i l l  ensure t h a t  a f inco product has 
been 1002 cleaned. 
proper puritp c h a r a c t e r i s t i c  required under s t a t e  o f  the art c o n d i t i o n s .  

T h c o  can assume no l i a b i l i t y  and 

Timco does however b e l i e v e  t h a t  the procedures vill give the 

4 1 I. 2 

Teflon(R) b Ce-c Components 

Step 1 - Disassemble 211 camponents. 

Step 2 - Prepare a no& solution of Eydrochloric Acid. 
(120 g. concentrated HCL diluted in 1 l i t e r  d L s t U e d  v a t e r ) .  

.. 
I .  Step 3 - Binst a l l  components in d i s t i l l e d  v a t e r .  

Step 4 - Submerge all components in this s o l u t i o n  f o r  30 miautes dnhtm~. 

. 
. .  

.. .Use a t o o l  t o  remove from the solution.. Soak in d F s t F U e d  cater. 

Step 5 - Rentbmerge the components in clean v a t e r  a t  .least 2 more t b e s  t o  
remove a U  traces of Eydrochloric 'Acid. 

Step 6 - Time0 b e l i e v e s  an additional  step.  of an Isopropyl  A l c o h o l  &A> b a d  
-and then another bath of Epdrogen P e r o d d e  should render t h e  equipment 

. clean. . .  

. Step 7 - In a l l  casu a ' f i n d l  rinse in d i s t i l l e d ,  deionized rater s h o u l d  ensure 
that rhe device Fs then s u i t a b l e  f o r  r e p r e s e n t a t i v e  s a c p l h g .  

PVC Coao on en t s 

Step 1 - h products must be thoroughly cleaned o f  loose PVC p a r t i c l e s ,  
rachining burrs 2nd any other loose m a t e r i a l s  both inside a d  out. 

' 

. (Timco normally does t h i s  with a l l  products shipped, b u t  ' o c c a s i o n a l l y  
. .  : . .. n i s b k e s  do happen). . 

Step 2 - Prepare a s u i t a b l e  Isopropyl Alcohol (IPA) bath which will a l l o v  
. t o t a l  h e r s i o n  of the product t o  be decontaminated. - 

Step 3 - U r n  products t o  remain fully immersed f o r  a period of  no less than 
10 minutes. . 

Step 4 - Au~ove.products &th clean s u r g i c a l  gloves t o  reduce chances o f  n e v  
, contanination. . U w  excess IPA t o  drzin off. 

. .  -.. .. -* _. . 
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