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SOLID GEOLOGY OF BIRMINGHAM AREA

(UNCOMNFINED AQUIFER PART OMLY)
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Solid Geology Formations

[ Wildmoor Sandstone Formation
7] Kidderminster Formation

I Hopwas Breccia

I Salop Formation

[ Bromsgrove Sandstone Formation
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DRIFT GEOLOGY OF BIRMINGHAM AREA

(UNCONFINED AQUIFER PART QONLY)
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. Drift Deposits

Thomas and Tellam (2006)

I Head
[ ] Lacustrine Deposits

B Alluvium
[ | River Terrace Deposits, First Terrace
I River Terrace Deposits, Second Terrace
[ | Glaciofluvial Deposits
[ ] Glaciolacustrine Deposits
Till
B Sandy Till
[ ] Study Area (Unconfined Aquifer)
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TOTAL POTENTIAL RECHARGE DEPTHS IN BIRMINGHAM DURI
WINTER (JAN - MARCH) & AUTUMN (OCT - DEC) 1980

40 SPOO 4 OPOO

EUUIUUU

ZBSIUUD

Recharge Depth {cm)

[]0.903
[ 11246
[ ]5812
I 807
8321
O/ 9.679
I 10.126
[ 10.212
I 11.105
B 11.281
11.647
b 13.284
[ 15734
[ ]16.141
[ 17.067
[ 17.683
Il 17.761
[ ]18.593
[ ]18.938
[ 18954
[ ]19.064
I 39.968
[ ] No Data

ZBUIDDD

ZSEIDDD

T T
405000 410000

(THE MAP AREA COVERS ONLY UNCONFINED AQUIFER PART OF BIRMINGHA

AVERAGE NON POINT SOURCE NITRATE CONCENTRATIONS

IN RECHARGE WATERS OF BIRMINGHAM AREA
DURING AUTUMN AND WINTER, 1980
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Date Site Enterovirus Rotavirus
(PFU/L) (PFU/L)
Industrial Wells

19/05/99 8 2 <1

28/05/99 |10 1 <1
18/06/99 10 <1 170

10/08/Q9 (17 1 <1

11/06/99 17 <1 <1

18/06/99 B1-55K <1 8

18/06/99 U2 <1 <1

| Piezos

21/04/99 B 30 450

19/05/99 B 2 <1

31/08/99 B <1 <1

29/02/00 |B <1 -

21/04/99 D 65 <1

05//05//99 D 1 <1

. 31/08/99 D <1 <1
EPSRC Study: 29/02/00 [D 3 -
o o < -
Enteroviruses in Groundwaters 2/0850 £ d 5
29/02/00 |F 4 -

G

87mm

Piezometers in
Nottingham

Powell et al. (2000)



ZZ?r:h |Zf Coliphage Enterovirus Enterovirus Rotavirus Iz\lg\\’/\liilrz Adenovirus  Astrovirus
(meg)I) PFU/L  (cellculture) RT-PCR RT-PCR PCR RT-PCR
8.24 <1 nd nd nd nd nd nd

RT-PCR
11.22 <1 nd nd nd detected nd nd
15.00 <1 nd nd nd detected nd nd
18.00 <1 nd nd nd nd nd nd
22.38 <1 nd nd nd detected nd nd
26.45 <1 nd nd nd nd nd nd
30.35 <1 nd nd nd detected nd nd
35.33 30 nd nd nd nd nd nd
39.30 <1 nd nd nd detected nd nd
10 42.50 <1 nd nd nd no sample nd nd
11 49.22 <1 nd nd nd nd nd nd

nd - not detected

Site A
Multilevel

1
2
3
4
5
6
7
8

o

Powell et al. (2003)



Experimental studies of virus
survival Jé
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Enteric Virus Persistence in Ground Water: Study |

Data from Jane Sel IWOOd’ Poliovirus 3 by Suspended Cell Plaque Assay

Health Protection Agency
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Experimental studies of virus mobility
laboratory column expts
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Basic experimental
set-up showing
packers and
transducer
arrangement in
cross-hole pair
boreholes

— —— i

ENVIRONMENT
AGENCY




Recovery Well Recovery Well
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fleld monitoring

; depth EC nitrate TTC Iphat
Depth Sanmpling June 6-7 0 hetero- . PH (uS<om) Sl 518y molarratios  (mglh  (cfutooml)  (mald) e
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(1) mbgl: metres below ground level
(2) sampling intervals separated by bentonite seals (gray shade)
3) cfu/100mL: colony-forming units / 100mL




E;Zﬁih |2f Coliphage Enterovirus Enterovirus Rotavirus Ili\llén\ll\?ilrl; Adenovirus  Astrovirus
(mbgl) PFU/L  (cellculture) RT-PCR RT-PCR PCR RT-PCR
8.24 <1 nd nd nd nd nd nd

RT-PCR
11.22 <1 nd nd nd detected nd nd
15.00 <1 nd nd nd detected nd nd
18.00 <1 nd nd nd nd nd nd
22.38 <1 nd nd nd detected nd nd
26.45 <1 nd nd nd nd nd nd
30.35 <1 nd nd nd detected nd nd
35.33 30 nd nd nd nd nd nd
39.30 <1 nd nd nd detected nd nd
42.50 <1 nd nd nd no sample nd nd
49.22 <1 nd nd nd nd nd nd

Site A
Multilevel

©Coo~NOOLh,WNPER

nd - not detected

Depth of Norwalk

Site A
Multilevel

sample Coliphage Enterovirus (cell Enterovirus Rotavirus like viurs Adenovirus  Astrovirus
(mbgl) PFU/L culture) (PFU/2mL) RT-PCR RT-PCR RT-PCR PCR RT-PCR
8.26 <1 nd nd nd nd nd nd
11.00 <1 1 (Coxsackie B4) nd nd nd nd nd
15.22 <1 nd nd nd nd nd nd
18.00 <1 1 (to be confirmed) nd nd nd nd nd
22.12 <1 nd nd nd nd nd nd
26.29 <1 nd nd nd nd nd nd
30.30 <1l nd nd nd nd nd nd
35.40 <1l nd nd nd nd nd nd
39.23 <1 1 (Coxsackie B4) nd nd nd nd nd
41.47 <1 nd nd nd nd nd nd
49.12 <1 nd nd nd nd nd nd

nd - not detected

O©CoOoO~NOOTLA, WNPF




field monitoring: aims

- to confirm previous finding that viable
human viruses exist to at least 40 m depth

- sample example piezometer system

- to determine if there Is seasonality, and
therefore constrain velocity

- sample piezometer monthly for 1.5 years

- to determine the frequency of occurrence

- sample wells



fileld experimentation (phage):

aims

-  to determine the effect of
residence time on virus attenuation

_ stopped flow push-pull testing g

-  to determine the effect
velocity / velocity change
Virus release

- vary Q when pumpir

- to determine the removal — & 7@ o

of virus with distance
- undertake 20 m test
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progress

- pumped intervals previously

used for injection ~ 1 year earlier

- no phage detected
: Inactivated, or transported away??
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- developed a preliminary flow model of the
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laboratory

experimentation

Temperature
controlled
enclosure

D  Detector

V  Solenoid valve

P Flow pump

G Pressure gauge

T  Tracer (virus/colloid/dye)
S  Solvent (water)

Tm Temp’ monitor

o

Data/control ----- >

v
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laboratory experimentation: aims

- to determine the effect of attachment
on the viability of subsequently detached
viruses

stopped-flow expts

- to determine effect of flow velocity on
mobDbility

use several flow rates

....... If time permits



Integration

can we use the aquifer’'s attenuation capacity to make sure

that viruses are not present in recovered waste water?

Empirical investigation ....

1.

velocities and distances
of travel of viable modelling
viruses under aquifer
conditions

effects of (pumping-
Induced) gw velocity

changes e Hazard?

effect of attachment on e Rules to reduce risk
viability







Integration

Monitoring Field Expts Lab Expts

- distance travelled _ - f(time) - f(time)

|
i

- velocity in aquifer
system

f(velocity) - f(velocity)

- min pathway
frequency

f(distance)

dependence on
source
characteristics modelling

Hazard?

Rules to reduce
risk
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