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Summary 

 Nine new Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
groundwater monitoring wells were installed in the 300-FF-5 Operable Unit (OU) in calendar year 2006 
to fulfill commitments for the EM-20 funded polyphosphate treatability test.  These nine new 
performance monitoring wells were drilled into the uppermost unconfined aquifer, to the Hanford 
formation (fm.) – Ringold Formation (Fm.) contact boundary (Hanford – Ringold contact) (~50 ft bgs), 
and completed within the permeable Hanford fm. unit 1 gravel-dominated sequence (Hanford fm. unit 1). 

 The overall objective of the polyphosphate treatability test is to evaluate the efficacy of using 
polyphosphate injections to treat 300 Area uranium contaminated groundwater in situ.  The objective of 
this work was to install the performance monitoring network surrounding the existing treatability 
injection well C5000 (399-1-23) in support of the implementation of a field scale demonstration of the 
polyphosphate technology. 

 These new wells were installed to collect treatability performance data in support of the 
polyphosphate injections and may also be used to supplement the water quality monitoring network for 
the 300-FF-5 OU.  Recent work completed under a 300-FF-5 OU limited field investigation (LFI) 
determined that aqueous uranium contamination in groundwater migrates through the aquifer in the 
uppermost permeable portion of the unconfined aquifer constrained within the Hanford fm. unit 1 that 
exists in the saturated sediments above the Hanford – Ringold contact.  The nine new polyphosphate 
performance monitoring wells were screened across all or portions of this uppermost interval.  

 This report supplies the information obtained during drilling, characterization, and installation of the 
new groundwater performance monitoring wells.   
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1.0 Introduction 

 Nine new Comprehensive, Environmental Response, Compensation, and Liability Act (CERCLA) 
groundwater monitoring wells were installed in the 300 Area within the 300-FF-5 Groundwater Operable 
Unit (OU) in calendar year 2006 to fulfill commitments for a proposed polyphosphate injection moni-
toring network (Figure 1.1).  These new wells were installed to collect treatability performance data in 
support of the polyphosphate injections to be performed in well 399-1-23 (C5000).  These wells may also 
provide supplemental groundwater monitoring data for the 300-FF-5 OU groundwater monitoring 
network. 

 This report provides the information obtained during drilling, characterization, and installation of 
these new CERCLA groundwater monitoring wells in the 300-FF-5 OU. 

1.1 New Groundwater Monitoring Wells 

 Nine new groundwater monitoring wells (Table 1.1) were installed between November and 
December 2006.  The relative location of these wells is shown on the location map in Figure 1.1.  The 
new wells were constructed to the specifications and requirements described in Washington 
Administrative Code (WAC) 173-160, the Site Characterization Plan:  Uranium Stabilization through 
Polyphosphate Injection, (Vermeul et al. 2006), and specifications provided by Fluor Hanford, Inc. (FHI), 
Richland, Washington.  During drilling and construction of the wells, sampling and analysis activities 
were conducted to support field screening for radiological and chemical contaminants and to collect near 
continuous sediment samples for geologic description. 

 This document provides a compilation of all available borehole data and well information obtained 
during drilling, well construction, and well development.  The Appendix contains the Well Summary 
Sheets, the Well Construction Summary Reports, the geologist’s borehole logs, the well development 
records, and the final well survey results. 

 Additional well construction documentation is on file with FHI.  The Hanford Well Information 
System (HWIS) [http://apweb02/cfroot/rapidweb/phmc/cp/hwisapp/] contains electronic drilling and 
construction records for this well. 

 English units are used in this report, with the exception of well survey results (located in Table 2.2 
and the Appendix) to describe drilling and well completion activities because that is the system of units 
used by drillers to measure and report depths and well construction measurements.  Conversion to metric 
can be done by multiplying feet by 0.3048 to obtain meters or by multiplying inches by 2.54 to obtain 
centimeters. 
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Figure 1.1. Location Map Showing the Relative Locations of Nine New Polyphosphate Performance 
Monitoring Wells Surrounding New Injection Well 399-1-23 (C5000), 300-FF-5 Operable 
Unit 
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 Table 1.1. Polyphosphate Treatability Well Identification and Borehole Information,  
 300-FF-5 Operable Unit 

Well Name 
Well 
ID 

Surface 
Elevation 

(ft) 

Total Drill 
Depth 
(ft bgs) 

DTW
(ft bgs) 

H/R 
Contact 
(ft bgs) 

Saturated 
Hanford 
fm. (ft) 

Elevation 
H/R (ft) 

Screen 
Interval/Length
(ft bgs [and ft])

399-1-23(a) C5000 378.84 116 34.5 51 16.5 327.84 25-50 (25 ft) 

399-1-24 C5351 379.35 42 33.8 NDE NDE NDE 32-37 (5 ft) 

399-1-25 C5352 379.27 50 34.3 48.2 13.9 331.07 42-47 (5 ft) 

399-1-26 C5353 378.82 50.5 33.8 48.5 14.7 330.32 29-49 (20 ft) 

399-1-27 C5354 379.59 50 34.9 48 13.1 331.60 42-47 (5 ft) 

399-1-28 C5355 379.64 40.5 34 NDE NDE NDE 32-37 (5 ft) 

399-1-29 C5356 379.60 51 35 49 14 330.60 29-49 (20 ft) 

399-1-30 C5357 379.38 50.5 33.6 49.75 14.75 329.63 29-49 (20 ft) 

399-1-31 C5358 379.03 51 33.7 48.5 14.8 330.53 29-49 (20 ft)  

399-1-32 C5359 378.21 50.5 32.5 43 10.5 335.21 29-44 (15 ft) 

(a) Pre-existing 6-inch-diameter injection well, all other wells are new and 4 inches in diameter.  All screens 
completed with 20 slot wire-wrap stainless steel and 10-20 mesh silica sand pack. 
bgs = Below ground surface 
H/R = Hanford – Ringold contact boundary. 
NDE = Not deep enough. 

2.0 Well Installation 

 The nine new wells including the existing central injection well (Table 1.1) are located in the northern 
portion of the 300 Area, just south of the decommissioned 316-5 process trenches and northeast of the 
399-1-17 well cluster (Figure 1.1).  The wells are downgradient of the disposal end of the 
decommissioned 316-5 process trenches and will (1) provide polyphosphate treatability performance data 
during the polyphosphate injections into the central injection well 399-1-23 (C5000) and (2) help 
differentiate upgradient groundwater contamination emanating from the area near the 316-5 process 
trenches with contaminants released in other 300 Area waste disposal ponds.  The new wells monitor the 
uppermost unconfined aquifer (Hanford fm. unit 1). 

2.1 Drilling and Sampling 

 Wells 399-1-24 through 399-1-32 (nine total) were drilled with a sonic drill rig from surface to a total 
depth between 40 and 51 feet below ground surface (bgs) (Table 1.1).  The drilling depth objective was to 
drill to a depth at least as deep as the Hanford – Ringold contact.  Temporary 8 1/4-inch-outside-diameter 
(OD) casing was used during drilling to total depth.  Drilling of the first well, 399-1-24, commenced on 
November 16, 2006, and total depth of the last well to be drilled, 399-1-32, was reached on December 1, 
2006. 
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 During drilling of each borehole, nearly continuous core barrel sediment samples were collected in 
plastic bags to support the subsurface lithologic/geologic descriptions from ground surface to total depth.  
The water table was encountered at approximately 34 feet bgs (Table 1.1).  The geologist’s borehole logs 
in the Appendix provide the lithologic description of sediments encountered during drilling. 

 Sediments encountered during drilling included surficial recent and/or man-made fill material from 
approximately 3 to 5.5 feet bgs.  Below these surficial deposits were predominantly unconsolidated gravel 
dominated sediments of the Hanford fm. unit 1 ranging in thickness from approximately 31 to 46 feet.  
The Hanford – Ringold contact boundary ranged in depth between approximately 43 and 50 feet bgs in 
the new boreholes (Table 1.1). 

 The Ringold Fm. unit 5 that lies beneath the Hanford fm. is composed of mostly gravelly silty sand to 
sand.  With the exception of two shallow well pairs, the wells were drilled a few feet into the Ringold Fm. 
to a total depth of approximately 51 feet bgs (Table 1.1); therefore, only the upper few feet of Ringold 
Fm. sediments were encountered.  The field geologist’s detailed borehole log, along with the well 
construction summary report, as-built diagram, well development records, and well survey results are 
included in the Appendix. 

 The borehole and drill cuttings were monitored regularly for organic vapors and radioisotope 
contaminants (i.e., gamma).  Results of this monitoring revealed no contamination was present. 

2.2 Well Completion 

 The permanent casings and screens were installed in the new wells between November and 
December 2006.  Each well was completed with a continuous wire-wrap stainless steel screen and 
stainless steel casing.  The annular space around each screen was backfilled with silica sand and the 
remainder of the annular space above the screen interval (behind the stainless steel casing) was sealed 
with bentonite and cement grout (Appendix).  The well completion details are summarized in Table 2.1. 

 Wells 399-1-26 (C5353), 399-1-29 (C5356), 399-1-30 (C5357), and 399-1-31 (C5358) were 
completed with 20-foot-long, 4-inch-inside-diameter (ID), stainless steel, continuous wire-wrap 20 slot 
(0.02-inch slot) screens placed to monitor the entire thickness of the saturated Hanford fm. from the high 
water level to the Hanford – Ringold contact (Table 1.1).  These wells screen the entire uppermost 
permeable portion of the unconfined aquifer above the Ringold Fm. contact. 

 Wells 399-1-24 (C5351) and 399-1-25 (C5352) comprise a cluster of two wells, screened within the 
upper 10 feet, and lower 10 feet of the approximately 20-foot-thick saturated Hanford fm., respectively.  
These wells were completed with 5-foot-long, 4-inch-ID, stainless steel, continuous wire-wrap 20 slot 
(0.02-inch slot) screens (see as-build diagrams in Appendix). 

 Wells 399-1-27 (C5354) and 399-1-28 (C5355) comprise a second well cluster, similar to wells 
399-1-24 and 399-1-25, and are screened within the lower 10 feet, and upper 10 feet of the uppermost 
permeable portion of the unconfined aquifer (Hanford fm.), respectively.  These wells were also 
completed with 5-foot-long, 4-inch-ID, stainless steel, continuous wire-wrap 20 slot (0.02-inch slot) 
screens (Appendix). 
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Table 2.1. 300-FF-5 Polyphosphate Treatability Test Well Completions 

Well 
Name Well ID 

Total Drill 
Depth 
(ft bgs) 

DTW [H/R 
Contact] 
(ft bgs) 

Screen(a) 
Interval/Length
(ft bgs (and ft)) 

Sand Filter 
Pack 

Interval 
(ft bgs) 

3/8 Inch Bentonite 
Pellet Annular Seal 

(ft bgs) 

Bentonite 
Crumble 
Annular 
Seal(b) 

(ft bgs) 
399-1-23* C5000 116 34.5[51] 25-50 (25 ft) 20-54.4 14.4-20 10.8-14.4 
399-1-24 C5351 42 33.8[NDE] 32-37 (5 ft) 29.9-38 28-29.9 38-42, 9.7-28 
399-1-25 C5352 50 34.3[48.2] 42-47 (5 ft) 39.9-49.5 30-39.9 10.5-30 
399-1-26 C5353 50.5 33.8[48.5] 29-49 (20 ft) 26.5-50.5 18.5-26.5 9-18.5 
399-1-27 C5354 50 34.9[48] 42-47 (5 ft) 38-48.1 48.1-50, 28.5-38 10-28.5 
399-1-28 C5355 40.5 34[NDE] 32-37 (5 ft) 30-39 39-40.5, 22-30 10-22 
399-1-29 C5356 51 35[49] 29-49 (20 ft) 26.7-50 50-51, 19-26.7 10-19 
399-1-30 C5357 50.5 33.6[49.75] 29-49 (20 ft) 27-50 50-50.5, 19-27 10-19 
399-1-31 C5358 51 33.7[48.5] 29-49 (20 ft)  27-50 50-51, 19-27 10-19 
399-1-32 C5359 50.5 32.5[43] 29-44 (15 ft) 26.5-45.5 45.5-50.5, 19.5-26.5 9-19.5 
* Existing 6-inch-diameter injection well, all other wells 4 inches in diameter.  All screens completed with 20 slot wire-wrap  
   stainless steel and 10-20 mesh silica sand pack. 
bgs = Below ground surface. 
H/R = Hanford – Ringold contact boundary. 
NDE = Not deep enough. 
(a) All screen are 20-slot stainless steel, continuous wire wrap. 
(b) Surface seal is composed of Portland Cement from top of crumble seal to surface. 

 Well 399-1-32, the farthest east and downgradient from the injection well, was completed with a 
15-foot-long, 4-inch-ID, stainless steel, continuous wire-wrap 20 slot (0.02-inch slot) screens placed to 
monitor the entire thickness of the saturated Hanford fm. from the high water level to the Hanford – 
Ringold contact (Table 1.1).  The Hanford – Ringold contact was encountered several feet shallower in 
this well and drilling recovered approximately 7.5 feet of Ringold sand that is comparable to the Ringold 
undifferentiated fine grained unit found in the newly installed nearby well 399-3-18 (C4999) (Appendix). 

 In each new well a 1-foot-long, 4-inch-ID stainless steel sump is attached to the bottom of the screen 
and extends approximately 1.35 feet below the screen bottom (Appendix).  The permanent well casings 
are 4-inch-ID, stainless steel, and extend from the top of the screen interval to approximately 2 feet above 
ground surface (Appendix). 

 The screen filter pack is composed of 10-20 mesh silica sand placed from total depth to 
approximately 2 to 4 feet above the screen interval of each well.  The sand pack was developed with a 
surge block to settle the sand in each well before adding the bentonite seal material.  The annular seals are 
composed of a 2- to 5-foot length of 3/8-inch bentonite pellets placed from the top of the sand pack, 
followed by granular bentonite crumbles placed to approximately 10 feet bgs.  The surface seals are 
composed of Portland cement grout from approximately 10 feet bgs to ground surface.  Approximately 
4-foot by 4-foot by 6-inch concrete pads were placed around the wells at the surface.  The pads for the 
paired well (shallow-deep completions) clusters were combined to form one large pad because of the 
close well spacing between the two wells.  Protective well head casings with locking caps, four protective 
and removable steel posts, and brass markers stamped with well identification numbers and Hanford well 
numbers were set into the concrete pads. 
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 The vertical and horizontal coordinates of the nine wells were surveyed by Fluor Government Group 
(FGG) on December 12, 2006 (Appendix).  A second survey of the new wells was conducted on February 
16, 2007, to incorporate the elevations and horizontal coordinates of other existing wells surrounding the 
nine new wells.  This second set of survey coordinates will be used as the official survey data set for the 
nine new wells and for the existing wells that were included in the survey (Appendix).  The horizontal 
position of the wells were referenced to FGG horizontal control monuments.  The coordinates are 
Washington Coordinate System, South Zone, NAD83(91) datum.  The vertical datum is NAVD88 and is 
based on FGG vertical control monuments.  Elevation survey data are included in Table 2.2 and the 
complete survey reports are included in the Appendix. 

 
Table 2.2. Survey Data for Nine New Polyphosphate Monitoring Wells, 300-FF-5 Operable Unit 

Well Name 
(Well ID) 

Easting 
(meters) 

Northing 
(meters) 

Elevation 
(meters) 

399-1-24 (C5351) 594116.45 116449.68 115.621 
399-1-25 (C5352) 594116.88 116450.35 115.595 
399-1-26 (C5353) 594108.27 116456.21 115.459 
399-1-27 (C5354) 594116.23 116446.18 115.693 
399-1-28 (C5355) 594115.57 116445.84 115.707 
399-1-29 (C5356) 594118.67 116445.75 115.697 
399-1-30 (C5357) 594110.62 116449.68 115.630 
399-1-31 (C5358) 594118.66 116456.15 115.522 
399-1-32 (C5359) 594137.47 116432.44 115.273 

 

2.3 Well Development and Pump Installation 

 The nine new wells were developed on December 6-8, 2006.  These wells were developed by 
pumping groundwater from one or two different intervals within the screen interval, depending on screen 
length, using a temporary, Redi-Flo-3 Grundfos™ submersible pump.  The initial depth to water, 
turbidity, specific conductance, pH, temperature, and volume of groundwater pumped were measured in 
each well during development (Appendix).  Well development was completed after the field parameters 
stabilized.  Table 2.3 summarizes the well development results for each well, including pump intake 
depth, pump rate, pump run time, total volume pumped, final turbidity (NTU), pH, specific conductance, 
and temperature readings. 

 There were no dedicated sampling pumps installed in the new wells for this project. 
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Table 2.3. Well Development Information for Nine New Polyphosphate Monitoring Wells 

Well 
Number 

Pump Rate 
(gpm) 

Pump Intake 
Depth (ft btc) 

Pumping 
Run Time

(min) 

Total Volume 
Pumped 

(gal) Final Field Readings 
399-1-24 23 35 17 370 43.7 NTU, 484 μsm/cm, 14.9°C, pH = 7.55
399-1-25 33 45 15 500 107 NTU, 484 μsm/cm, 14.6°C, pH = 7.50 
399-1-26 26.6 45 61 1620 2.24 NTU, 480 μsm/cm, 14.9°C, pH = 7.60
399-1-26 26.2 38 55 1,470 1.21 NTU, 483 μsm/cm, 14.5°C, pH = 7.55
399-1-27 2.3 45 108 230 47.2 NTU, 492 μsm/cm, 14.8°C, pH = 7.75
399-1-28 20 35 32 640 18.9 NTU, 485 μsm/cm, 14.8°C, pH = 7.52
399-1-29 19 45 67 1,290 6.25 NTU, 482 μsm/cm, 14.3°C, pH = 7.61
399-1-29 19 38 68 1,290 1.32 NTU, 481 μsm/cm, 14.4°C, pH = 7.63
399-1-30 24 45 20 480 9.71 NTU, 483 μsm/cm, 14.8°C, pH = 7.57
399-1-30 25.5 38 18 460 2.13 NTU, 486 μsm/cm, 14.6°C, pH = 7.61
399-1-31 24.4 45 68 1,660 1.72 NTU, 480 μsm/cm, 14.1°C, pH = 7.51
399-1-31 29.1 38 33 960 2.55 NTU, 480 μsm/cm, 14.9°C, pH = 7.49
399-1-32 20 40 39 950 2.87 NTU, 485 μsm/cm, 14.0°C, pH = 7.42
399-1-32 24 37 19  460 2.06 NTU, 483 μsm/cm, 14.1°C, pH = 7.51
ft btc = Feet below top of casing. 
N/A = Not available. 
NTU = Nephelometric turbidity unit. 

 

3.0 Sampling and Analysis During Drilling 

 This section describes the collection and analysis of sediment samples during drilling the nine new 
boreholes. 

3.1 Field Screening 

 The drill cuttings from the wells were screened in the field for volatile organics and beta-gamma 
activity by radiation control technicians and site safety staff. 

 Radiation and organic screening of cuttings revealed only natural background levels.  No actions were 
required. 

3.2 Sediment Sampling 

 Sediment samples were collected for lithologic description at approximately 5-foot-depth intervals 
from surface to total depth in each borehole.  The samples were obtained from near continuous borehole 
cuttings that were collected in plastic sleeves as they were extruded from the drill pipe at the surface.  The 
geologic descriptions of these samples are contained in the wellsite geologist’s borehole logs in the 
Appendix.  No additional sampling was conducted during drilling in these boreholes. 
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3.3 Hydrogeologic Description of New Boreholes 

   The borehole logs (Appendix) for the nine new wells were evaluated to determine the stratigraphic 
contacts and key lithologic changes where possible.  These results were compared to borehole 
investigation results from well 399-1-23 (C5000) in Williams et al. (2007). 

 Recent surficial sediments composed of reworked Hanford, eolian deposits, or man-made fill overlie 
the 300 Area and range in thickness from 1 foot to greater then 20 feet bgs.  Beneath the surficial 
deposits, the Hanford fm. unit 1 comprises the entire vadose zone and the uppermost portion of the 
unconfined aquifer in all of the wells.  The Hanford fm. unit 1 ranges up to approximately 46 feet thick, 
and is composed of unconsolidated sediments ranging in grain size from cobble to pebble gravel, coarse 
to fine grained sand, silty sand, and silt.  There are no distinguishable hydrostratigraphic changes within 
the vadose zone.  There does appear to be a couple intervals within some of the wells, around 10 feet bgs, 
and between 20 and 30 feet bgs, where an increase in fine-grained size material occurs within the gravel 
dominated sequence; these intervals commonly have an increase in fine sand, silt, and minor amounts of 
clay and may reduce the permeability of some intervals within the vadose zone (Appendix).  It is not clear 
whether these fine-grained intervals are a result of mixing between the Hanford and Ringold Fm. 
sediments (Ringold rip-up clasts).  In all the wells, from approximately 36 feet bgs to the Ringold Fm., 
the Hanford fm. consists predominantly of coarse sandy gravel to gravel.  A more open framework, i.e., 
clast supported structure; composed of predominantly gravel to slightly sand gravel is reported in wells 
399-1-24, 399-1-26, 399-1-30, and 399-1-31 in the lower Hanford fm. from approximately 36 feet bgs 
down to the Hanford – Ringold contact; where present the matrix sand is composed of medium to coarse 
sand. 

 The Ringold Fm. unit 5 contact with the overlying Hanford fm. is at approximately 48 feet bgs.  In all 
of the wells this unit contact was distinguished by a distinct color change, decrease in gravel size and 
content, and a significant increase in fine sand.  This sand unit is believed to be part of the Ringold Fm. 
unit 5 (undesignated fine-grained unit) and is hydrogeologically part of the lower portion of the uncon-
fined aquifer beneath the 300-FF-5 OU.  The selection of this contact is based on lithologic changes 
identified by the wellsite geologist’s sample descriptions, and direct examination of near-continuous 
sediment core samples.  In some cases this contact is gradational and may actually reflect a zone of 
mixing with the overlying Hanford fm. gravel.  This zone of mixing can range up to several feet thick. 

 The eastern most well, 399-1-32, encountered the Hanford – Ringold contact approximately 4 to 
5 feet higher in elevation than in the other new wells (Table 1.1).  Approximately 7.5 feet of fairly 
uniform, Ringold Fm. sand with only minor amounts of gravel was recovered from the core barrel below 
the contact.  The contact appears fairly well defined in this well and strongly suggests that the Ringold 
Fm. sand encountered in the other wells reflect the same unit.  In well 399-1-32, there is a visual color 
transition in the sand with depth that indicates reducing conditions; in addition this lower sand interval 
contains black pieces of woody material (Figure 3.1).  

 The thickness of the uppermost unconfined aquifer (Hanford fm. unit 1) was determined in each new 
well (Table 1.1).  More details about the hydrogeology and uppermost aquifer system and groundwater 
conditions within the area are available in the limited field investigation report (Williams et al. 2007). 
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Figure 3.1.  Photographs showing Grab Samples of the Ringold Formation Undesignated Fine-Grained 
Unit from Well 399-1-32 (C5359). 
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Well 399-1-25 (C5352) 
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Well 399-1-26 (C5353) 
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