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EXECUTIVE SUMMARY 

Three new lysimeter stations were installed on the north rim of Engineered Trench 3 (Figure ES-1) 
at the E-Area Low Level Waste Facility (ELLWF).  These stations were designated as ET3-VL-3, 
ET3-VL-4, and ET3-VL-5.  The stations were installed in a line with the two existing stations 
(ET3-VL-1 and ET3-VL-2) and spaced approximately 100 ft apart.  Two lysimeters were installed 
at each station at the depths shown in Table ES-1.  Lysimeter placement was based on borehole 
lithology and was comparable to the existing lysimeter stations.  The deepest lysimeter at each of 
the three new lysimeter stations was designated as the action-level lysimeter. 

Following installation, the lysimeters were purged and placed under vacuum for sampling.  
Sampling occurred in December 2020 with each lysimeter producing 1000 ml of water for tritium 
analysis. All lysimeters were below the administrative limit for ET3 (43.7 pCi/ml) with all but 
ET3-VL-5 (222) at background levels.  ET3-VL-5 (222) had a tritium concentration of 27.5 pCi/ml. 

With the addition of the new lysimeters at ET3, the vadose zone monitoring system is now 
comprised of 309 active lysimeters at 102 lysimeter stations.  There are 93 action-level lysimeters 
at 102 stations. 

 

Figure ES-1.  New Lysimeter Locations at ET3. 
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Table ES-1.  Construction Details for New ET3 Lysimeters. 

Station Name 

SRS 
North 

(ft) 

SRS 
East 
(ft) 

Ground 
Elevation 
(ft msl) 

Lysimeter 
Elevation 
(ft msl) 

Lysimeter 
Depth 
(ft bgs) 

Action 
Level 

(pCi/ml) 

Tritium 
Concentration 

(pCi/ml) 

ET3-VL-3 (236) 78614.41 57764.17 275.9 236 40 43.7 2.26 

ET3-VL-3 (222)1 78614.41 57764.17 275.9 222 54 43.7 1.68 

ET3-VL-4 (233) 78659.91 57674.15 275.2 233 42 43.7 0.95 

ET3-VL-4 (224)1 78659.91 57674.15 275.2 224 51 43.7 1.67 

ET3-VL-5 (236) 78705.96 57584.55 274.9 236 39 43.7 0.83 

ET3-VL-5 (222)1 78705.96 57584.55 274.9 222 53 43.7 27.5 
1Action-Level Lysimeter  
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1.0 Introduction 

The E-Area Low-Level Waste Facility (ELLWF) is a radioactive waste disposal site at the 
Savannah River Site (Figure 1).  It is approximately 200 acres in size with a 100m buffer zone that 
extends out to the point of compliance.  Disposal units within the footprint of the low-level waste 
facilities include the Slit Trenches (ST), Engineered Trenches (ET), Component-in-Grout 
Trenches (CIG), the Low-Activity Waste Vault (LAWV), the Intermediate-Level Vault (ILV), and 
the Naval Reactor Component Disposal Area (NRCDA) (WSRC, 2007).  The facility provides 
disposal capacity for solid, low-level, non-hazardous radioactive waste and has been accepting 
waste since 1994 (WSRC, 2007).  The ELLWF is situated within the General Separations Area 
(GSA) of the Savannah River Site (SRS) immediately north of the Mixed Waste Management 
Facility (MWMF).  

The ELLWF is regulated under Department of Energy (DOE) Order 435.1 (DOE 1999) and is 
operated in accordance with a DOE approved Performance Assessment (PA) (WSRC, 2007).  The 
E-Area Performance Monitoring Program provides assurance that the facility is operating as 
expected and predicted by the PA.  As part of the Performance Monitoring Program, SRS operates 
a vadose zone monitoring system comprised of suction lysimeters to monitor the release of tritium 
from the disposal trenches.  At most of the lysimeter stations, the deepest or second deepest 
lysimeter is designated as the Action-Level (AL) lysimeter 

Engineered Trench 3 (ET3) is located in the northwest corner of ELLWF (Figure 1) and was placed 
in operation in 2013.  As of November 2020, ET3 was 86% full.  In 2016, two lysimeter stations 
were installed along the north perimeter of ET3 (Figure 2).  These lysimeter stations were 
designated as ET3-VL-1 and ET3-VL-2.  Each station consists of two lysimeters with the deepest 
lysimeter designated as the action-level lysimeter (Table 1).   

The objective of this project was to install three additional vertical lysimeter stations along the 
north perimeter of ET3.  The purpose of this report is to provide the construction details and layout 
for the new lysimeters and to present the tritium data from the initial sampling of the lysimeters. 

2.0 Summary of Field Activities 

Drilling and lysimeter installation occurred during October 2020.  Drilling services were provided 
by Cascade Environmental, LLC.  Technical oversight of the drilling activities was provided by 
SRNS Geotechnical Engineering personnel.  Three new lysimeter stations were installed along the 
north perimeter of ET3.  These lysimeter stations were installed in a line with the two existing 
lysimeter stations (ET3-VL-1 and ET3-VL-2) and were spaced approximately 100 ft apart.  The 
new lysimeter stations were identified as ET3-VL-3, ET3-VL-4, and ET3-VL-5.  Figure 2 provides 
the layout of the lysimeter stations at ET3.  The new lysimeter stations, together with the existing 
stations, span the length of ET3 on the north side of the disposal trench. 

2.1 Coring and Lithologic Logging 

Vertical borings were completed at each lysimeter location using sonic drilling technology (Figure 
3).  Sonic drilling involves using a dual cased setup and high frequency mechanical vibration to 
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collect continuous core.  At each location, four-inch diameter steel casing was used to collect core 
through six-inch diameter steel override casing.  All three boreholes were dry drilled meaning no 
drilling mud or water was used to advance the casing or to remove cuttings from the borehole.  
Each borehole was continuously cored from about 10 ft bgs through 90 ft bgs.  The resulting core 
was visually described, and detailed logs were documented for each borehole (Appendix A). 

Lithologic logs were developed for each borehole based on gamma-ray logs and CPT logs where 
available.  Gamma-ray logging was performed on each borehole once the target depth was 
achieved. Gamma-ray logging measures the naturally occurring gamma radiation from sediments 
containing gamma emitting radionuclides.  Generally, clays emit more gamma rays due to 
radioactive potassium, uranium, and thorium than do sands as these radionuclides are not as 
prevalent in sand.  Therefore, gamma logs provide an indication of sand and silt/clay zones.  The 
gamma log data collected from each borehole are presented in Figure 4. 

Prior to the start of drilling, a CPT push for lithology was conducted at ET3-VL-3 to assist with 
the placement of lysimeters.  Originally, it was planned to conduct a CPT push at all three lysimeter 
stations.  However, excessive rainfall made ET3-VL-4 and ET3-VL-5 inaccessible to the CPT 
truck.  The lithologic data obtained from the CPT push at ET3-VL-3 are plotted in Figure 5 and 
the vendor supplied log is presented in Appendix B. 

2.2 Lysimeter Installation 

The lysimeters installed at the new ET3 lysimeter stations were SoilMoisture® Equipment 
Corporation Model Number 1920F1 vacuum soil water samplers (Figure 6).  The model 1920F1 
suction lysimeter is constructed from 1.5” diameter polyvinyl chloride (PVC) and is supplied by 
the vendor completely assembled.  The lysimeter is fitted with a 2-bar porous ceramic cup on one 
end and two 1/4” service ports on the other end.  Polyethylene access tubes are used to apply 
pressure/vacuum (black tubing) and to collect water samples (green tubing).  These tubes connect 
to the service ports on the lysimeter and extend from the lysimeter to the ground surface through 
1-inch diameter PVC riser pipe.  The riser pipe connects to the body of the lysimeter with a 
standard PVC reducing coupling. 

The lysimeter assemblies (lysimeter, tubing, and riser pipe) were completely assembled at the 
ground surface prior to installation.  The porous ceramic cup on each lysimeter was soaked in 
water for several hours to saturate the ceramic cup (Figure 7).  Once saturated, the lysimeters and 
connections were leak checked by applying pressure to the pressure/vacuum port.  After the 
integrity of the lysimeter, tubing, and fittings were verified by leak check, the first section of 1-inch 
PVC riser pipe was connected to the lysimeter body using a reducing coupling.  The lysimeter 
assembly was then lowered in the borehole and riser pipe was added as needed to reach the target 
depth. 

Figure 8 presents a schematic diagram of lysimeter completion for the ET3 lysimeter stations.  
Installation reports for the ET3 lysimeters are presented in Appendix C.  At each lysimeter station, 
both the shallow and deep lysimeters were installed within the same borehole (Figure 8).  Each 
borehole was drilled to a total depth of approximately 90 ft bgs and backfilled with bentonite hole 
plug and pellets to target depth.  A slurry of silica flour was then added to ensure good contact 
between the ceramic cup of the lysimeter and surrounding soil (Figure 9).  The lysimeter was 
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placed into the borehole and firmly seated into the silica flour.  Filter sand was backfilled to cover 
the lysimeter in the borehole.  The shallow lysimeter was installed in a similar manner as shown 
in Figure 8.  A protective casing (6-inch PVC) was installed at the ground surface along with a 
concrete surface seal and pad.  The final layout of the new ET3 lysimeter stations is provided in 
Appendix D.   

2.3 Lysimeter Placement 

The conceptual model for placement of the new lysimeters at ET3 was to maintain consistency 
with the existing lysimeter stations (ET3-VL-1 and ET3-VL-2) while honoring the local lithology 
observed in each new borehole.  The existing lysimeter stations ET3-VL-1 and ET3-VL-2 each 
have two lysimeters with the deeper of the two lysimeters being designated the action level 
lysimeter.  The strategy for placement was to locate the new lysimeters in sandy zones above 
silt/clay layers while maintaining consistency with the elevations of the existing lysimeters.  This 
may improve the odds of collecting samples due to perched water at this interface. Lysimeters 
were not placed near the water table and capillary fringe due to the possibility they could be 
influenced by contaminants in the water table aquifer.  The water table near ET3 was at 71 ft bgs 
surface at the time of installation. 

The core description (Appendix A), gamma logs (Figure 4), and CPT logs (Figure 5) were all used 
to select the depth of installation for each lysimeter.  More weight was given to the core description 
for lysimeter placement in cases where the logging results and the core description differed.  The 
placement of the new lysimeters at ET3-VL-3, ET3-VL-4, and ET3-VL-5 is shown in Figure 4 
and Figure 5.  Construction details for the lysimeters are presented in Table 1.  

For ET3-VL-3, lysimeters were installed at 40 ft bgs (236 ft msl) and 54 ft bgs (222 ft msl) as 
shown in Figure 4 and Figure 5.  The shallow lysimeter was placed based on the gamma log and 
CPT logs because there was no recovery of core from the target interval.  Good agreement is noted 
between the gamma log and the CPT logs for ET3-VL-3.  The shallow lysimeter was placed at 
40 ft bgs and located above a clay layer observed on both the gamma and CPT logs.  Figure 10 
shows the core from the interval where the lysimeter was placed.  The deep lysimeter was placed 
at 54 ft bgs and located above a clay layer observed from 56 to 60 ft bgs (Figure 4 and Figure 5). 
This layer is noted in the core description at 57 ft bgs (Appendix A, Page A-4).  Figure 11 shows 
the core from the interval where the deep lysimeter was placed. 

For ET3-VL-4, lysimeters were installed at 42 ft bgs (233 ft msl) and 51 ft bgs (224 ft msl) as 
shown in Figure 4.  For ET3-VL-4, the gamma log was generally consistent with the core 
description (Appendix A).  The gamma log shows a clay layer from 37 to 39 ft bgs and this layer 
is noted in the core description (Appendix A, Page A-8).  However, another clay layer was 
observed in the core description from 43 to 44.5 ft bgs with a sandy layer above (Appendix A, 
Page A-9).  The shallow lysimeter at ET3-VL-4 was placed in this sandy zone above the clay layer 
located at about 43 ft bgs.  Figure 12 shows the core from the interval where the lysimeter was 
placed. 

The deep lysimeter at ET3-VL-4 was placed at 51 ft bgs based primarily on the core description 
(Appendix A, Page A-9).  From the core description, the sediments in this interval are comprised 
of highly stratified sand and silt/clay.  The lysimeter was placed in a sandier zone as indicated in 
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the core description (Appendix A, Page A-9).  Figure 13 shows the core from the interval where 
the deep lysimeter was placed. 

For ET3-VL-5, lysimeters were installed at 39 ft bgs (236 ft msl) and 53 ft bgs (222 ft msl) as 
shown in Figure 4 and Figure 5.  For ET3-VL-5, the gamma log was generally consistent with the 
core description (Appendix A).  The gamma log shows a clay layer at about 35 ft bgs and this layer 
is noted in the core description between 35 and 37 ft bgs (Appendix A, Page A-13).  Another clay 
layer is observed in both the gamma log and core description at 41 ft bgs.  The shallow lysimeter 
at ET3-VL-5 was placed in the sandy zone between the clay layers observed in the logs.  Figure 
14 shows the core from the interval where the lysimeter was placed.  The deep lysimeter at ET3-
VL-5 was placed at 53 ft bgs above a clay layer observed in both the gamma log and the core 
description (Appendix A, Page A-14). 

3.0 Analytical Results from Sampling of New ET3 Lysimeters 

Two lysimeters were installed at each of the new ET3 lysimeter stations.  Consistent with the 
existing lysimeters at ET3, the deep lysimeter at each station was designated as the action-level 
lysimeter (Table 1).  The new action-level lysimeters at ET3 are ET3-VL-3 (222), ET3-VL-4 (224), 
and ET3-VL-5 (222). 

In December 2020, each lysimeter was sampled and analyzed for tritium concentration.  Results 
are provided in Table 2.  All six lysimeters yielded 1000 ml of sample volume.  Both the shallow 
and deep lysimeters at ET3-VL-3 and ET3-VL-4 were at or near background tritium concentration.  
For ET3-VL-5, the shallow lysimeter was also at background concentration.  However, the deep 
lysimeter at ET3-VL-5 was at 27.5 pCi/ml.  The analytical lab reported no issues with the analysis.  
However, for confirmation, the sample was analyzed again, and the result was verified.  The 
action-level for ET3 is 43.7 pCi/ml.  Therefore, ET3-VL-5 (222) will need to be closely monitored 
in the future. 

4.0 Summary 

Three new lysimeter stations were installed on the northern rim of Engineered Trench 3 at the 
E-Area Low Level Waste Facility (ELLWF).  These stations were designated as ET3-VL-3, 
ET3-VL-4, and ET3-VL-5.  The stations were installed in a line with the two existing stations 
(ET3-VL-1 and ET3-VL-2) and spaced approximately 100 ft apart.  Two lysimeters were installed 
at each station.  Lysimeter placement was based on borehole lithology and was comparable to the 
existing ET3 lysimeter stations.  The deepest lysimeter at each of the three new lysimeter stations 
was designated as the action-level lysimeter. 

Following installation, each lysimeter was purged and placed under vacuum for sampling.  In 
December 2020, each lysimeter was sampled for tritium concentration.  Each lysimeter yielded 
1000 ml of water.  All lysimeters were below the administrative limit for ET3 (43.7 pCi/ml) with 
all but ET3-VL-5 (222) at background levels.  ET3-VL-5 (222) had a tritium concentration of 27.5 
pCi/ml. 
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With the addition of the new lysimeters at ET3, the vadose zone monitoring system is now 
comprised of 309 active lysimeters at 102 lysimeter stations.  There are 93 action-level lysimeters 
at 102 stations. 

5.0 References 
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Figure 1. E-Area Low-Level Waste Facility. 
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Figure 2.  Layout of New Lysimeters at ET3. 
 
 
  



SRNL-STI-2020-00555 
Revision 0 

 

8 
 

 
 

 
Figure 3.  Sonic Drill Rig Used to Install New Lysimeters at ET3. 
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Figure 4. Gamma Ray Logs for ET3-VL-3, ET3-VL-4, and ET3-VL-5 
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Figure 5. CPT Log for ET3-VL-3 

 



SRNL-STI-2020-00555 
Revision 0 

 

11 
 

 
Figure 6.  Model 1920F1 (SoilMoisture® Equipment Corp) Suction Lysimeter 

 

 
Figure 7.  Lysimeters were Saturated with Water Prior To Installation.  
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Figure 8.  Generalized Schematic of Lysimeter Installation (not to scale). 
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Figure 9.  Silica Flour Placed Around Annulus of Lysimeter Ceramic Cup. 

 

 
Figure 10.  Core Collected from ET3-VL-3 at a Depth of 40 ft.  The Upper Lysimeter was 

Placed in this Interval [ET3-VL-3 (236)]. 
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Figure 11.  Core Collected from ET3-VL-3 at a Depth of 54 ft.  The Action-Level Lysimeter 

was Placed in this Interval [ET3-VL-3 (222)]. 

 

 
Figure 12.  Core Collected from ET3-VL-4 at a Depth of 42 ft.  The Upper Lysimeter was 

Placed in this Interval [ET3-VL-4 (233)]. 
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Figure 13.  Core Collected from ET3-VL-4 at a Depth of 51 ft.  The Action-Level Lysimeter 

was Placed in this Interval [ET3-VL-4 (224)]. 

 

 
Figure 14.  Core Collected from ET3-VL-5 at a Depth of 39 ft.  The Upper Lysimeter was 

Placed in this Interval [ET3-VL-5 (236)]. 
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Figure 15.  Core Collected from ET3-VL-5 at a Depth of 53 ft.  The Action-Level Lysimeter 

was Placed in this Interval [ET3-VL-5 (222)]. 
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Table 1  Construction Details for ET3 Lysimeter Locations. 

Station Name 
Date 

Installed 

SRS 
North 

(ft) 

SRS 
East 
(ft) 

Ground 
Elevation 
(ft msl) 

Lysimeter 
Elevation 
(ft msl) 

Lysimeter 
Depth 
(ft bgs) 

Action 
Level 

Lysimeter 

Action 
Level 

(pCi/ml) 
ET3-VL-1 (234) 2016 78525.21 57940.98 275.6 234 42 NO - 
ET3-VL-1 (221) 2016 78525.21 57940.98 275.6 221 55 YES 43.7 
ET3-VL-2 (243) 2016 78570.92 57851.84 280.1 243 37.5 NO - 
ET3-VL-2 (226) 2016 78570.92 57851.84 280.1 226 54 YES 43.7 
ET3-VL-3 (236) 2020 78614.41 57764.17 275.9 236 40 NO - 
ET3-VL-3 (222) 2020 78614.41 57764.17 275.9 222 54 YES 43.7 
ET3-VL-4 (233) 2020 78659.91 57674.15 275.2 233 42 NO - 
ET3-VL-4 (224) 2020 78659.91 57674.15 275.2 224 51 YES 43.7 
ET3-VL-5 (236) 2020 78705.96 57584.55 274.9 236 39 NO - 
ET3-VL-5 (222) 2020 78705.96 57584.55 274.9 222 53 YES 43.7 

 
 
 
 



SRNL-STI-2020-00555 
Revision 0 

 

18 
 

 
 

Table 2  Initial Tritium Concentrations Measured in New ET3 Lysimeters. 

Lysimeter1 

Action Level 
(pCi/mL 
tritium) 

Sample 
Volume 

(ml) 

December 2020 
Concentration 

(pCi/ml) 
ET3-VL-3 (236) 43.7 1000 2.26 
ET3-VL-3 (222) 43.7 1000 1.68 
ET3-VL-4 (233) 43.7 1000 0.95 
ET3-VL-4 (224) 43.7 1000 1.67 
ET3-VL-5 (236) 43.7 1000 0.83 
ET3-VL-5 (222) 43.7 1000 27.5 
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Appendix B.  CPT Log and Field Report for ET3-VL-3 
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Appendix C.  Installation Reports for New ET3 Lysimeters 
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Appendix D.  Final Layout for New ET3 Lysimeters 
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