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1. INTRODUCTION

Glacier meltwater in the Himalaya provides a vital resource for downstream communities. Short-
term meltwater availability has increased in response to climate warming, which is particularly
pronounced at high elevations where Himalayan glaciers are situated (Kraaijenbrink et al., 2017).
However, as a result, peak water availability from glacier melt is projected to pass as soon as 2050,
after which, glacial contributions to downstream water resources will decline, affecting millions of
people and threatening future regional water and food security (Immerzeel et al., 2020).
Determining natural storage or delayed transit pathways of meltwater is therefore increasing in
both interest and importance, particularly as seasonal melt buffers the effects of regional droughts
and glacial outburst floods can cause devastation to lives and property (e.g., 15 homes swept away
in Thame, Solukhumbu, 16th August 2024). Alternative drainage pathways could provide temporary
storage for glacial meltwater, delaying or sustaining downstream water supply over various
timescales, and may influence water quality as a result. However, little is known about the link
between glacier melt and groundwater in mountain environments (van Tiel et al., 2024).

In 2018, | applied for and was awarded funding (from the MEF, RGS, BSG, and Aberystwyth
University) to carry out an additional project to my main PhD research to investigate the routing of
Khumbu Glacier’s hydrological system using dye-tracing experiments. We additionally measured
stream discharge and found that the discharge of the one stream leaving the glacier was only a
fraction of what we observed higher on the glacier —i.e., potentially ~50% of meltwater is “lost”
from the glacier’s hydrological system (Miles et al., 2019). We speculated that the “lost” component
may flow into the groundwater system but were unable to determine any further information about
where this water was transported or stored. The LOSTMELT project, funded by the MEF and the
Royal Society, proposed to use both established methods and pioneer a new method to address

these unknowns.

1.1 AIMS AND OBJECTIVES

The aim of the LOSTMELT project was to trace the lost component of Himalayan glacier meltwater

on Khumbu Glacier, Nepal. The specific research objectives were to:

1. Determine how much meltwater is “lost” in the Khumbu Glacier hydrological system, using

discharge gauging;



2. Assess whether the “lost” meltwater component re-emerges farther downstream, using

dye-tracing experiments;

3. Establish whether the “lost” meltwater component has been through the groundwater

system, using a novel technique in glacial systems: noble gases as natural tracers.

2. FIELD REPORT

The expedition was carried out at the same time as the NERC-funded Losing their Cool project, which
followed the same route to Everest Base Camp and then worked above the Khumbu Icefall to
determine firn temperatures in the Western Cwm beneath Mount Everest. By collaborating with
Losing their Cool, fieldwork was possible at a fraction of the real cost by sharing logistics and support,
as well as providing a wider field team to assist with LOSTMELT data collection.

The expedition was dependent on funding from both the MEF and the Royal Society —
applications to both were successful, but unfortunately, the decision from the Royal Society came
later than expected, at the end of February. This left insufficient time before the start of the field
season (one month later) to buy the equipment required to carry out research objectives 1 and 2
(see Section 1.1). However, the Royal Society funding is available for 2+ years, allowing a second
field season to be carried out in 2026. It was therefore decided to focus on objective 3 for this
season, to assess the capabilities of noble gases for tracing (a novel application in glacial
environments), followed by a full field season in Spring 2026 that will address all the research
objectives at once, extending the data collection and analysis according to the results of the first

season.

2.1 EXPEDITION DATES AND ITINERARY

The expedition was carried out between 7% April and 10" May 2025.

Itinerary

07/04 - 08/04 UK to Kathmandu (international flights)

08/04 —11/04 Kathmandu: field planning, equipment sorting

11/04 Kathmandu to Lukla (domestic flight)

11/04 —21/04 Trek from Lukla to Everest Base Camp: acclimatisation, site identification



21/04 -28/04 Everest Base Camp: site identification, sampling, assisting Losing their Cool

28/04 - 01/05 Pyramid research station: lower glacier site identification and sampling
01/05 - 03/05 Pheriche: down-valley site identification and sampling

03/05 — 08/05 Trek from Pheriche to Lukla, weather-related delays for flight from Lukla
08/05 Lukla to Ramechhap (domestic flight), road travel to Kathmandu

08/05 — 10/05 Kathmandu: packing and de-brief

10/05 Kathmandu to UK (international flights)

2.2 FIELD TEAM

Katie Miles - Expedition lead

Bryn Hubbard - Losing their Cool Co-I
Duncan Quincey - Losing their Cool PI
Ann Rowan - Losing their Cool Co-I
George Young - PhD student

Matt Peacey - Losing their Cool PDRA
Sunil Oulkar - Losing their Cool PDRA
Mahesh Magar - Glacier guide

2.3 PERMITS

A research permit was obtained through Himalayan Research Expeditions before the expedition
departed. A sample export permit was also obtained through Himalayan Research Expeditions once

samples had been collected and were ready for export to the UK.

2.4 FIELD REPORT

Fieldwork was carried out over a four-week period on Khumbu Glacier, Nepal (Figure 1). The trek up
the valley was used both for acclimatisation and to identify suitable sites. Sampling sites 1 to 3 were
chosen based on previous knowledge of the glacier’s hydrological system and confirmed once on
the ground. Site 1 was on the supraglacial stream, as far up-glacier as was accessible from Everest
Base Camp (Figure 2). Site 2 was on the outlet stream at the terminus of the glacier (Figure 3) and
Site 3 on the proglacial stream ~1.5 km from the glacier’s terminus (Figure 4). Enquiries at Pheriche

identified a groundwater upwelling on the moraine above the village, used as a water source as it



was known not to freeze during winter. This was therefore targeted as Site 4 (Figure 5) to provide
an end-member sample to compare to the samples collected along the glacier system and assist in
identifying any downstream changes related to groundwater transit. The location of Site 5 on the
proglacial stream was thus selected to be upstream of where the Site 4 groundwater upwelling
entered the proglacial stream, ~5 km downstream of the glacier’s terminus (Figure 6), so that any
other groundwater signal can be identified without contamination.

Overall, ten samples were successfully collected from the five sites (Table 1; Figure 1). These
samples should be able to fully satisfy the third research objective, showing end-member signals of
noble gases in the glacier system and thus allowing any change downstream to be detected and
used to identify whether groundwater has been routed back into the proglacial stream. The results
should also demonstrate the potential of noble gases for elucidating whether glacier meltwater has
been through the groundwater system, proving both a novel technique in the glacial environment
and providing a basis to investigate artificial injection and tracing of noble gases in future work.

Samples were collected using a well-established method in the groundwater community:
routing water through a copper tube using a small, portable pump for several minutes to ensure a
pure air-free sample, then clamping first the downflow end followed by the upflow end to keep the
sample full and airtight. The copper tubes remain clamped until analysis begins. The stainless-steel
clamps were on the heavy side (~2 kg per clamp and sample, totalling ~20 kg for all ten samples)
and had to be carried down by porters across two bags — future work will investigate lighter-weight
alternatives. The first sample (1A) was collected without the pump (due to issues with the
connecting hose) by holding and clamping the copper tube underwater, so it is likely that this sample
is not full and may be air-contaminated. An alternative length of hose was then sourced and used
with the pump for all subsequent samples.

The timing of sampling will be considered further for future work: when the first samples
(1A and 1B) were collected at Site 1, nighttime temperatures were reaching —10°C at Everest Base
Camp, and sample 1B froze in the tent overnight, forced its way out the clamped copper tube, and
was at least partly lost. A further sample (1C) was therefore collected at this site immediately before
KM departed Everest Base Camp and subsequently stored indoors wrapped in bubble-wrap and
down jackets to minimise risk of further sample loss (indeed, no further freezing of samples was

noted).
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Figure 1: A) Location of field site within Nepal; B) Location of sampling sites on Khumbu Glacier. Background image is a

PlanetScope Scene from 25% April 2025 (Planet Team, 2017). Contours are plotted on the glacier at 100 m intervals from
4,900 to 6,900 metres above sea level.
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Table 1: Sampling site locations, descriptions, and sampling information.

Sample
Site # Description Location Elevation Sample # P Date of collection
names
Glacier supraglacial 28.003893°N 1A, 1B 24/04/2025
1 5300.36 m 3
stream 86.857358°E 1C 28/04/2025
. 27.936305°N
2 Glacier outlet stream 4918.66 m 1 2A 29/04/2025
86.813168°E
Near proglacial 27.923207°N
3 4593.58 m 2 3A, 3B 01/05/2025
stream 86.806660°E
Groundwater 27.893153°N
4 . 4270.00 m 2 4A, 4B 02/05/2025
upwelling 86.820903°E
. 27.896917°N
5 Far proglacial stream 4275.54 m 2 5A, 5B 02/05/2025
86.816782°E




Figure 2: Sampling at Site 1 on the supraglacial stream of Khumbu Glacier (credit: Bryn Hubbard). Image is looking SW,

down-glacier towards Everest Base Camp.

Figure 3: Sampling at Site 2 on the outlet stream of Khumbu Glacier (credit: Bryn Hubbard). Image is looking SW, down-

glacier towards the terminus.
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Figure 4: Sampling at Site 3 at the near proglacial stream site, ~1.5 km downstream of the terminus of Khumbu Glacier

(credit: Bryn Hubbard). Image is looking N, up-stream towards the terminus of the glacier.

Figure 5: Sampling at Site 4 in the groundwater upwelling above Pheriche, ~5.5 km downstream of the terminus of

Khumbu Glacier. Image is looking W, down-moraine towards Pheriche.



Figure 6: Sampling at Site 5 on the far proglacial stream site, ~5 km downstream of the terminus of Khumbu Glacier.

Image is looking SE, down-valley towards Pheriche.

2.5 PLANS FOR ANALYSIS, PUBLICATIONS, AND FUTURE WORK

Equipment and samples will be collected from Aberystwyth in mid-August during a Losing their Cool
project meeting and returned to Lancaster for analysis. The samples will be analysed free-of-charge
in collaborator Dr. Joe Zheng’s facilities for natural noble gas isotopes in Lancaster Environment
Centre, which is expected to take 1 — 2 months.

Once results are returned after analysis, a period of interpretation will follow and inform
subsequent data collection. The expedition funds (see Section 4) allow for a second field season,
and the longer lead-in time will allow for the necessary equipment purchases and thus enable all of
the research objectives to be investigated at once. The second field season is planned for Spring
2026, at the same time as the second Losing their Cool field season, to allow for combined logistics
and the possibility of obtaining ice samples above the Khumbu Icefall for noble gas analysis.

After the second field season, there will again be ~6 months before the samples have been
analysed, during which time, analysis of all other results will take place by KM. There will then be a
consolidation and interpretation phase, during which a publication plan will be made. It is hoped
that at least one high-impact open-access publication will result from this work, likely published in
The Cryosphere or Journal of Glaciology. The results will be shared and communicated with the
academic community at national and international conferences (e.g., the International Glaciological
Society British Branch Meeting in September 2026 and the European Geosciences Union General
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Assembly in April 2027) and with the public at outreach events (e.g., Manchester Science Festival
and Lancaster Environment Centre Outreach Lab for schools). Finally, the experiences and data
collected for this project will form the basis of a broader-scale future study investigating glacier
meltwater links to groundwater with a grant submission to the UK Natural Environment Research

Council Pushing the Frontiers in 2027.

3. ADDITIONAL INFORMATION

3.1 NOTES ON ACCESS AND ISSUES OF INTEREST TO FUTURE VISITORS

Access to Khumbu Glacier is relatively simple, being located adjacent to the main trekking route to
Everest Base Camp in Nepal. The route is well established and easy to find, with villages all along
the route providing accommodation, food, and outdoor equipment. Recent legislation changes in
Nepal now require all tourists to trek with a guide and ensure good pay for porters and other staff.
Despite significant supraglacial pond expansion over the terminus of Khumbu Glacier over the past

decade, the Kongma La pass is still accessible and clearly marked where it crosses the glacier (Figure

7).

Figure 7: Flags (left) and cairns (right) marking the Kongma La route over Khumbu Glacier.

3.2 DETAILS OF INJURY/ILLNESS TO EXPEDITION MEMBERS AND PORTERS

No injuries or serious illnesses were sustained by any expedition members or porters. Most
expedition members had minor altitude-related symptoms (e.g., slight headache, poor sleep,
breathlessness) at some point, which were relieved by taking Diamox as necessary. Despite
acclimatising well, KM succumbed to a viral infection at Everest Base Camp and ultimately had to
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descend instead of going higher as planned — recovery began once below ~3,500 m but was

interrupted by further gastrointestinal infections on the way down and in Kathmandu.

3.3 DETAILS OF WASTE DISPOSAL

All environmental regulations of the Sagarmatha National Park and Sagarmatha Pollution Control
Committee for waste management and minimising environmental impact were followed. As the
expedition stayed in lodges and at Everest Base Camp, waste was minimal as food was sourced
locally. All waste was carried off the glacier and disposed of in bins and recycled where possible. The
team used water filtration and purification bottles to minimise plastic waste from bottled water,
but where this was unavoidable, locally bottled water was sourced and the plastic bottles returned

to Syangboche for recycling.

3.4 EXPEDITION CARBON FOOTPRINT

The carbon footprint of the expedition is estimated below (Table 2) to be 2.79 metric tons of CO..
As a suitable scheme in Nepal could not be sourced, a donation of £50 (plus Gift Aid) has been made
to the Woodland Carbon Code accredited Scottish Highland re-wilding and re-foresting project Trees

for Life to “offset” this carbon footprint.

Table 2: Estimated carbon footprint of the expedition, calculated using sustainabletravel.org and climateimpact.com

Travel type Carbon footprint (Metric tons of CO3)
Car travel (to London Heathrow, diesel car) 0.01
International flight (London Heathrow to Kathmandu, return) 1.98
Domestic flights (Kathmandu to Lukla, Lukla to Ramechhap) 0.04
Car travel (Ramechhap to Kathmandu, electric vehicle) 0.01
Hotel in Kathmandu (5 nights) 0.10
Lodges whilst on trek (27 nights) 0.31
Food during expedition, vegetarian (32 days) 0.06
Freight of scientific equipment and samples 0.28
TOTAL 2.79

Social and cultural impacts were mitigated as far as possible by understanding and abiding by local
customs and cultures, ensuring that our staff were local and paid a fair wage by Himalayan Research
Expeditions (who are industry-leading by also providing clothes and equipment to their staff),
consulting with senior staff on appropriate tips to pay staff, staying in local accommodation such as

tea houses and lodges, and purchasing locally produced items and food as much as possible.
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4, EXPEDITION ACCOUNTS

The expedition was kindly funded by the Mount Everest Foundation and the Royal Society. The
expedition accounts to date are provided below (Table 3) — in addition, KM is grateful to the NERC-
funded Losing their Cool project for covering the cost of the international flights and to Dr. Joe Zheng
(Lancaster Environment Centre) for providing the sampling equipment and covering freight costs to
Nepal. The Royal Society research grant is available for two years, and the remainder of the grant
will be used to: i) fund a second field season in Spring 2026 (estimated cost ~£7,000); ii) purchase
equipment that will enable all the research aims to be investigated during this second field season
(estimated cost ~£16,000); and iii) cover conference attendance to present the results towards the

end of the grant (estimated cost ~£3,000).

Table 3: Expedition accounts as of July 2025.

Item Income Expenditure

Mount Everest Foundation grant £1,000.00

Royal Society research grant £30,000.00

Vaccinations £380.00
Field equipment £252.96
Travel costs £12.00
Visa £100.00
Subsistence in Kathmandu £53.80

Field costs to HRE (including domestic return flight from
Kathmandu to Lukla, permits, glacier guide, two porters, in-

country accommodation in lodges and hotel in Kathmandu, food £3,805.00

whilst on trek

Equipment freight £514.00
TOTAL £31,000.00 £5,111.76
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