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Abstract

This study quantitatively analyzes the long-term research and development (R&D) trends of two
leading companies in deep geological disposal, Sweden’s SKB and Finland’s POSIVA, using latent
Dirichlet allocation (LDA) topic modeling combined with structural break analysis. The dataset con-
sists of 2,520 technical report titles from SKB and 1,014 from POSIVA. The LDA results identify nine
major R&D topics for SKB and six for POSIVA. This indicates a relatively diversified research port-
folio at SKB (top three topics: 49.6% of the total publications) and a more concentrated portfolio at
POSIVA (top three topics: 72.2%). Regression analysis of annual topic proportions (i.e., proportion of
the total publications) and Wald tests reveal statistically significant (p < 0.05) structural breaks around
the years when the firms applied for a construction license (2011 for SKB and 2012 for POSIVA) in
five of nine topics for SKB and three of six topics for POSIVA. In particular, hydrogeological model-
ing R&D undertaken by SKB shows accelerated growth after the license application, whereas under-
ground site characterization R&D undertaken by POSIVA shows a declining trend, indicating con-
a OPEN ACCESS trasting transitions in research focus. In addition, the average inter-topic similarity is lower for SKB
(0.12) than for POSIVA (0.34), reflecting differences in the degree of thematic integration associated
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of deep geological disposal, this study visualizes the evolution of research activities undertaken by
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Fig. 1. Flowchart showing the overall research methodology.
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Table 1. Descriptive statistics of analyzed technical report titles

Category POSIVA (Finland) SKB (Sweden)

Study period (analysis) 1996 —2023 1977-2025.11
Number of reports 1,014 2,520
Average words per title 5.26 6.36
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Fig. 2. Topic coherence scores for model selection.
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Table 2. Top keywords and R&D topics for SKB

Topic ID
. Label Top 10 ki
(proportion) abe op 10 keywords
Topic 1 Hydrogeological Modelling modell‘ing, model, site, grounc.lwaterfﬂow, fracture, site_descriptive, transport,
(20.0%) numerical, hydrogeological, simulation
Topic 2 URL Experiments hard_r.oclf_labc?ratc.)ry, mf)del.ling, experiment, measurement, rock, model, HRL,
(15.0%) investigation, site investigation, evaluation
( l(é)tp ; /3) Engineered Barrier System test, bentonite, buffer, water, backfill, laboratory, rock, material, modelling, canister
. 0
Topic 4 Canister & Fuel Stability copper, corrosion, fuel, canister, groundwater, water, bentonite, nuclear fuel, effect,
(13.4%) creep
Topic 5 Radionuclide Transport ‘.[ransport, radionuclide, model, calculation, flow, migration, assessment, clay, diffusion,
(13.3%) influence
Topic 6 Safety Assessment site_investigatiPn, SFR, safety assessment, final_repository, site, climate, nuclear_fuel,
(7.7%) bedrock, seismic, process
Topi . L itory, h k 1 ) ition, ) ion,
opic 7 Repository Engineering reposrfory ard rock laboratory _prototype cond.ltlon groundwater, construction.
(6.7%) evolution, tunnel, deep, prototype repository, design
Topic 8 . . investigation, earthquake, swedish_national seismic_network, site, interpretation,
Seismology & Geophysics . . . . . . ..
(5.8%) site_investigation, geological, geophysical, lineament, characterization
Topic 9 Site Monitoring site_investiga.ltion, monitoring, hydrological, water, surface, borehole, ice,
(3.5%) water_sampling, temperature, post
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Network Analysis Result: SKB
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Fig. 4. Results of topic network analysis (SKB).
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Table 3. Top keywords and R&D topics for POSIVA

Topic ID
opie . Label Top 10 keywords
(proportion)
Topic 1 Underground ONKALDOQ, fracture, tunnel, seismic, rock, underground, water, evaluation,
(30.4%) Characterization deposition_hole, effect
Topic 2 Site Modelling site, m9del, 'groundwa.ter, investigation, bedrock, modelling, description, evolution,
(21.5%) geological, interpretation
Topic 3 . . repository, fuel, disposal, design, KBS-3H, assessment, system, modelling, canister,
D 1 D . .
(20.3%) isposal System Design disposal_canister
Topic 4 . . . . . . .
(10.6%) Engineered Barrier System  bentonite, material, buffer, backfill, test, development, scale, interaction, effect, testing
o 0
Topic 5 Rock Properties & Testing rock, @easurement, test, sample, property, situ, laboratory, gas, ONKALO_experiment,
(10.6%) modelling
Topic 6 sorption, copper, condition, groundwater, kaolinite, experiment, diffusion, solution,

Geochemistry

(6.6%) UO,, solubility
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Fig. 5. Results of topic network analysis (POSIVA).
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Table 4. Summary statistics for SKB structural break analysis

Topic Label Pre-slope Post-slope Slope change ~ Wald p-value Result
1 Hydrogeological Modelling 0.003569 0.0062 0.002631 1.73E-05 Significant break
2 URL Experiments 0.003997 0.002791 -0.00121 0.007588 Significant break
3 Engineered Barrier System 0.001198 -0.0024 -0.00359 0.048758 Significant break
4 Canister & Fuel Stability -0.00266 -0.00352 -0.00086 0.000285 Significant break
5 Radionuclide Transport -0.0068 0.000139 0.006936 0.000348 Significant break
6 Safety Assessment 0.001769 0.00053 -0.00124 0.743236 No break
7 Repository Engineering 0.000288 -0.00159 -0.00187 0.099466 No break
8 Seismology & Geophysics -0.00264 -0.00343 -0.00078 0.313768 No break
9 Site Monitoring 0.001279 0.001267 -1.2E-05 0.076065 No break

Pre-slope: annual change rate before 2011 (percentage points/year); Post-slope: annual change rate after 2011; Slope change: Post-slope minus Pre-slope.

Bold rows indicate statistically significant structural breaks (p < 0.05).
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Fig. 6. Time-series trends and results of structural break analysis for SKB R&D topics (break point: 2011).



Topic 1 (Hydrogeological Modelling)-> 20118 o] €17+ 0.36%p 575t o, o] o= +0.62%p= 57F S=7F
71531 QI o= A S17F AAF gl B2 pef et HElo] A w st 9l B BIP L HL FasiA A,
& ndlg] oro] viFo] SHjE At To] Ql= 710 7 S|4 E 4= Itk Geier, 2012). ¥HH Topic 2 (URL Experiments)
20119 o] 740.40%p S7F5HA.2H;, 015 +0.28%p = =2 AT ©1i= Asps HRLOIA O] A9 S AollAl, 4
2} glolE] s @ mel Az A 0] (g BAlZAlo] o] &St 528 Hhalahs 710 & Holr}

Topic 3 (Engineered Barrier System)¥} Topic 4 (Canister & Fuel Stability)= 714 517} 417 o] & 20| AHES 7|5
51T}, Topic 3-2 17 +0.12%p/yrollA] 013 -0.24%p/yr= AL 2] W, Topic 4= -0.27%p/yrolA] -0.35%p/yr= 2
A FA7FAREE QI o= FokA] WY Bl -87] ¥ o] 47 o] A5 Tl e ]EJFE]', 78 71 R
Th= P/ B7EAIA UiellM o] FH4] sihAlat Rdls A= a4t 250] ol &3S

4

A% A4 —”;F*ﬂa Hou, olgof= 7
O] FAP7} Qla= 18 FA(+0. 01%13/}’r)E 142}Q3311:} ]‘_ 27| W8 AE FA9] A1 FAE A, A/ B7HAIA W
ol Hrt QPA Q1 AehS ARIsH| H3lg2 HHdohe 202 siAdE 4= 9l

FxA o] TEE| 2] o2 A4 (Topic 6, Topic 7, Topic 8, Topic 9)-= 714 5]7F 4174 4G U3k =41
tt. 53] Topic 6 (Safety Assessment):= 14| 717 &<t &2 ‘ﬂ] Fo AISHHA = £ 71 FAIE Ko, b/ 7t
AF7HEA AR AT =7 Hrke A7 I 2A A% TP o] g2 AJAFRIT.

Fig. 7-2 SKB2| FA'E Z2H4 9125 Qo 4] f2 ‘/}E}WE} X5 FA (AR 2 71e7)), YE2 5
B_E(‘HE FA| H|5-2] ) E YeRHTE Topic 1, Topic 2, Topic 32 AIAFEH(I5-8 -3 o]l $1xIote] 5
Q1 A FA7} o]F ol 7Hs/do] w2 A FH o= s Topic 4, Topic 5= ARAMEH(ALFQ -4
El)Oﬂ A5} A<z TAlof AU A A2 BRI} Topic 7, Topic 8- ABAREH(AZQ I, 2]E])o]l 9Jx]51d, A
A 27]ol= T8 o A=A HISo] J S AT FAIR sll4E 4= Itk Topic 62 AUAREH(AF- 2 =37
of| YAIste] FE Fo/do] I 7FsAe] Y= A8 A7 I o ® EREh

m
E

Strategic Topic Map: SKB

0.16 1 @Fs g4 g
3
= 0.14 4 ¢
S} 2
E ¢
2 0.12
o
£
§ 0.10
e
8 0.08 - @’
2 @'
¢
§ 0.06

0.04

‘"9
-0.004 -0.003 -0.002 -0.001 0.000 0.001 0.002 0.003
Growth Rate (Slope)
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Table 5. Summary statistics for POSIVA structural break analysis

Topic Label Pre-slope Post-slope Slope change ~ Wald p-value Result
1 Underground Characterization  0.007963 -0.00339 -0.01135 0.000949 Significant break
2 Site Modelling -0.00265 0.00088 0.003529 0.265836 No break
3 Disposal System Design 0.000283 -0.00647 -0.00675 0.439708 No break
4 Engineered Barrier System 0.00497 0.003371 -0.0016 0.018321 Significant break
5 Rock Properties & Testing -0.00347 0.004761 0.008232 0.075899 No break
6 Geochemistry -0.0071 0.000843 0.007939 0.024918 Significant break

Pre-slope: annual change rate before 2012 (percentage points/year); Post-slope: annual change rate after 2012; Slope change: Post-slope minus Pre-slope.
Bold rows indicate statistically significant structural breaks (p < 0.05).
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Fig. 9. Strategic topic map for POSIVA publications.
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