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Flow in open boreholes

Open and screened boreholes distort natural flowfield



Investigation of hydraulic behavior of aquifers  

from boreholes

Eliminate vertical flow with packers  

or borehole grouting

Time-consuming or permanent  

installation and always expensive

Use temperature measurements to  

quantify borehole inflows

Forced convection +   

Temperature gradients induced by



Hydrogel as a tempoary borehole grouting

PAM gels are used in food industry, 

construction, medicine, agriculture, oil and gas 

►No gravitational compaction

►Permeability of a gel packing depends on polymer concentration  

and an external load applied [Oyen, 2014]

► Chemical  inertness  [Spalding et al., 2010]



A-DTS in the lab column

Formation of convective cells in a borehole filled with water during  

A-DTS experiment



A-DTS in the lab column

Suppression of free convection with TAMP



A-DTS in the lab column



Laboratory study of hydrogel hydraulic properties

Table: Measured permeability of PAM packs

PAM type Load, kg φ K ,m/s

Spherical

2

7

10

15

20

0.17 9.0e − 3

0.146 3.7e − 3

0.136 2.2e − 3

0.121 6.5e − 4

0.117 3.5e − 4

Fine

5

10

15

0.06 1.6e − 4

0.05 1.2e − 4

0.046 2.0e − 5

TAMP transitions from highly permeable to nearly impermeable  

grouting







Conclusions

PAM media allows temporary borehole grouting to minimize free  

and forced convection in the borehole:

►If no compressive stress is applied, a gel packing (permeability  

similar to open gravel) suppresses free convection in the  

borehole, allowing for local temperature and/or chemical  

measurements and groundwater sampling through

free-flowing gelpacking.

►When an external load applied to a gel packing, the shape  and 

volume of soft grains adjust to the load, thus decreasing  the 

porosity and, consequently, the permeability of a packing.  This 

configuration allows monitoring of local pressure  responses 

from the formation.
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A-DTS in the lab water column

Temperature measurements confirm visual observations
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A-DTS in the field

Field site Permeable field sock  

preventing grains of PAM  

from leaving the borehole

PAM

FO cable
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A-DTS in the field

PAM gel compresses free convection in boreholes thus allowing  

more complete/efficient characterization of heterogeneous flow
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Future plans/Openquestions

►Groungwater sampling:

(1) using sampling pump in a PAM-filledborehole

(2) toxicity and any regulatoryaspects

►Tomography study:

(1) ”packer” engineering

(2) learn how to compress the gel packing in thefield

►Chemical sampling study:

(1) chemical inertness

(2) freedom from biodegradation or alteration during use

Though yet to be confirmed in the field, we expect that this  

technique will find many other applications in aquifer  

characterization


