; .\.\

i British
555 Geological Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL

Harpur Hill High pH Industrial Archaeological Analogue Site:
scene setting

A.E.Milodowski (BGS)

(presented on his behalf by W.R.Alexander)




Why Harp

ur Hill?

Physical protectio

Solidi matrix:
Low radionuclide releass rate

Container, container infill, waste drums:
Low solute rates

Radionuelid i
Chemmicar batiar "

Emplacement cavern, lining and backfill:
Limited water access
Delay start of release
Low = transport rates.
er

hemical but
Radionuclide sorption
Allow gas escape

barriers y zone:
s ch‘v 'gr:';tdar flux :
-avourable rochemistry
Mecharical stability
G.olﬂglca} barriers geosphere:
ion of

(e.g. frorr:l glacial erosion)




@ Maqarin

\ pH7.5 A = infiltration & subsurface evolution
\ of groundwater
B = interaction of groundwater with
cement minerals

Cement zone\ C = interaction between cement

leachates and rock
D pH 12{-‘ 12.7
high-permeability S ~a T iver
roole pH 12.7-12.5 @ Ve

Basis of the g

analogy

Repository

A = host formation groundwater
B = interaction of groundwater with

@ cement minerals
pH 8 C = interaction between cement

leachates and rock

repository \ "high-pH plume”
e e 7 S
pH <135 © pH ?? biosphere

low-permeability
host rock




Why Harpur Hill?
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Introduction to Harpur Hill

-Extensive high-pH (pH 12-13) calcium hydroxide [Ca(OH)2] plume and major associated CaCQO3 tufa
deposits

-Related to shallow groundwater leaching of historic lime kiln clinker waste

-Waste contains significant residual lime, plus portlandite [Ca(OH)2]) hydration product + possible minor

calcium silicates.
-One of similar high pH leachate sites throughout the UK associated with the leaching of lime-bearing and
calcium silicate wastes from historic industrial processes (lime kilning, steel and chrome smelting slags)



Location and principal site features
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Geologica

RoG

FCS

CoG

@
Buxton
X
KG
Mo/dk
@
Pooles Cavern
LMB
BLL
@
Harper Hill
WDL
BLL
LoS WDL

LoM/S

0 0102 04 06 08

ackground

Legend

Marsdenian

Roaches Grit (RoG)

Corbar Grit (CoG)
Five Clouds Sandstones (FCS)

NAMURIAN [MILLSTONE GRIT SERIES]
Kinderscoutian

AAA A

Kinderscout Grit (KG)

&-Longnor Sandstone Member / Sandstones (LoM/S)
Longnor Sandstones (LoS)

A

Lower Miller's Dale Lava Member (basalt) (LMB)

Bee Low Limestone Formation (BLL)

Woo Dale Limestone Formation (WDL)

CARBONIFEROUS LIMESTONE
SUPERGROUP

Monsal Dale Limestone (Mo)

<+ Monsal Dale Limestone

with dark facies (Mo/dk)




History of lime burning in the
Harpur Hill area

Mid 1600’s: earliest records of lime kilning on Grin Low
. . . . . . (L:J) o Poole’s Cavern BUXton
1662: well established lime burning industry in NW area of Grin <
Low
17th/18th century kilns
1734: peak production at Grin Low with over 130 kilns between
17th and 19th centuries
1819: lime kilning has ceased in NW Grin Low and area Solomon's) &8 1901
landscaped (over Poole’s Cavern) century kilns
i "
A’[fns ”7
1835: First major kilns built at Harpur Hill ety 198 oarury
1842: Kilning concentrated to S and SE of Grin Low by this time
1872: Construction of Hoffman kiln at Harpur Hill
Countess Cliff Farm mﬂg‘;ﬁn

1883-1938: 12 kilns in continuous operation at Harpur Hill HARPUR HILL decssnsad [ LN

400 m ANALOGUE SITE ; -
1952: Lime burning ceased at Harpur Hill l I (ndusliedl estate

1980: Hoffman kiln demolished



Development of lime waste

1883: lime waste tip in Brook Bottom valley well-established

1899: lime wste tip reached the stream and is virtually at its
maxmum extent in the north

! limit of waste tip ™
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1919: lime waste tip expanded to inundate the stream,
further tipping mainly to southwest

Between 1899 and 1919: the stream was culverted
(brick culvert in south west of site)

1919: OS maps now show springs (“‘Rises”) at base of the
tip, suggesting that leachate plume may have started by now
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Development of the alkaline plume
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pH distribtion
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Evolution of the akaline tufa

Springs of neutral
pH groundwater

Southern wall Highest pH springs

S

February 2012 Water mixing line

Lower pH culvert

Complex (bio)geochemistry in surface waters — highly variable, depending on weather conditions (principally rainfall
but also temperature)

«Variations on scale of days to weeks

*Dry weather — High pH uniformly across most of the site (~pH11-12.5); stream pH 12.5
eHeavy rainfall / snow melt — pH very variable across the site:

»Toe of tip / upper bund area pH12.5 (or higher)

«Stream inflow pH7

eLower tufa areas — highly variable pH 7 to 12

«Channels with freshwater constantly migrating across the site

*Microbial “blooms” with changing and lower pH — microbiology changing



Evolution of the akaline tufa
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»Cyclic sedimentology reflecting changing environmental (weather, flood events)
«Carbonate precipitation mechanism constantly changing or changing bias:

«Mixing of freshwater and alkaline leachates

*Reaction of atmospheric CO2 with alkaline leachates

e|kaite formation in cold weather (<10 C)

*Flooding — erosion, channel flow channels migrating, eroding,reworking and redepositing
the calcareous sediments

«Organic blooms in wet weather (lower pH — higher biological activity)




Inventory assessment

Detailed walkover survey




Inventory summary

Plant species Metals and Building Naturally Plastics Other
(11v1pg 1ar21('1 dead) mef[tal.h;: materials derlv.e(i (Low interest) (Moderately
including materials (Moderately low materials high interest)
(High interest) (High interest) (High
interest) interest)
Grass Copper metal Bricks Wood Polythene Newspaper
(cellulosic)
Trees Lead metal Concrete Sandstone Polystyrene Glass
Herbaceous Gold metal Bitumen Soils, inc. PET Various
plants, horsetails, clays, silicates kiln glazes
algae and etc
mosses
Aluminium Limestone
alloy
Various steels Slag (lime

inc.
galvanised steel

and silicate)

Brass

Rubber

Plastic coated

steel
and copper
metal

Part burnt
coke and coal




Relevance and issues

«Many of the materials are in the oxic, near-surface waters or exposed to air: {How relevant is this to reducing
repository environment?}

*Near surface waters constantly oscillating in chemistry and microbiology {not anticipated in the
repository environment}

*Focus should be on materials contained deeper with the sedimentary pile, where conditions more stable
regardless of weather and where it may be reducing {more relevant to repository environment} — but locating
these may be problematic

«Cellulosic materials present and degrading {grass remains present at original soil- sediment interface and
wood (trees, posts) buried deep in the sedimentary pile}

«Alkaline interaction with clays and other silicate minerals at depth beneath the alkaline tufa deposits. Appear to
be associated with some microbial mineralisation features (Fe alteration)

«Stable high pH (>12.5) in “upper bunded area” at depth (>0.5 m) regardless of weather conditions {most
relevant to the repository environment}

*Formation of metastable ikaite related to carbonation reactions with Ca(OH)2 porefluids may be important
with regard to cement alteration through carbonation, under permafrost and cold environmental conditions
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Some images of the site
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Some images of
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Last word — the Blue Lagoon
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