Andrew Gellerman
Professor Miller - Capstone - Administrative Version

Kalibr Production and Russia’s Non-Nuclear Deterrent

Introduction:

As the modern Russian state has evolved since its inception in 1991, so too has its
nuclear doctrine. Contemporary research suggests that the Russian military has undergone a
series of theoretical and practical reforms since the mid-2000s that have enabled it to be
comparatively less reliant on its nuclear forces for deterrence at all stages and scales of conflict
than it was during the 1990s. Many scholars, both Western and Russian, credit this policy shift to
Russia’s acquisition of conventional precision-strike capabilities that began during the late
2000s. In turn, experts have traced the decision to develop precision-strike capabilities to earlier
doctrinal discussions among Russian strategists seeking to mirror existing American capabilities

and ensure the credibility of their country’s nuclear deterrent. ! 2

Although such analysis, prevalent in the Western academic community, correctly
describes the general contours of the theoretical transformation of Russian nuclear strategy, it
does not sufficiently address whether observed doctrinal changes can be operationalized by the
Russian military. In the open literature, Russia’s possession or employment of a type of weapon
(especially nuclear arms) is often interpreted to mean that it is capable of using it for its intended,
doctrinally defined purpose. This is a dangerous assumption; without knowledge regarding
states’ specific capabilities, military analysis is at best misleading and of limited utility to
policymakers. Notably, such information is largely absent in public analysis examining whether

the Russian military has reduced its historical reliance on nuclear arms for escalation
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management in favor of precision-guided munitions (PGMs).> While generations of scholars
have developed quantitative estimates of Russia’s nuclear forces, far less has been publicly
written about its PGMs.* Accordingly, although substantial evidence indicates that Russia
possesses the requisite doctrinal framework for the employment of conventional PGMs as a
means of achieving strategic deterrence, it has remained unclear whether it has the material

capability to do so.’

This paper contributes to the analytic community’s knowledge of Russia’s nuclear
doctrine and capabilities by exclusively using publicly available information to assess its
industrial capacity to manufacture a modern, versatile family of cruise missiles: Kalibr, known
by NATO as the Sizzler (SS-N-27 or SS-N-30A, depending on the variant). This missile,
produced by the Yekaterinburg-based contractor OKB Novator (Novator), was selected for use as
a case study for three reasons. First, it is functionally aligned to the roles envisioned for PGMs
by prominent Russian strategists advocating “strategic non-nuclear deterrence”.® Although land
and air-launched variants exist, the Kalibr is best known as a sea-launched missile that has been
stationed on Russian corvettes, frigates, and submarines. The first two launch platforms allow
Russia to hold European targets at risk from deep within its territory, while the latter affords
Russia a precision, non-nuclear means of threatening the U.S. homeland. Second, Russian
leaders have repeatedly cited the missile’s performance to showcase Russia’s advanced
munitions capabilities, suggesting its importance both as a weapon and object of national pride.’
Third, information regarding its development history, technical specifications, and production is
relatively available compared to similar Russian arms, such as the Kh-10 air-launched cruise

missiles.
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I begin by introducing generally accepted theories regarding Russian perceptions of
escalation management. These foundational concepts are then used to contextualize the
argument, made by several prominent experts, that Russia’s growing conventional military
capacity has made it increasingly less reliant on its nuclear arsenal as a strategic deterrent across
the range of conflict scenarios it expects to confront. The paper then pivots to a case study
estimating Russia’s annual output of Kalibr missiles, the findings of which are used to inform a

discussion about the potential future directions of Russian nuclear strategy.

Methodologically, although every effort has been made to verify the information
presented, it must be noted that data collection challenges have long hampered analysts’ efforts
to objectively assess the Russian military’s means and procurement priorities. In general, unlike
in the U.S., the public is not privy to the details of Russia’s defense orders, which are conducted
using a closed website.® Additionally, defense companies are given wide latitude to withhold
details in their annual reports, or not publish them at all.’ Regarding the Kalibr missile family,
the Russian government has offered little information concerning each unit’s cost (technically a
state secret) or production rate. Contemporary information from the relevant contractors is
largely unavailable, and production statistics must be indirectly inferred from historical contract
data, financial statements, and officials’ public remarks. Even when these sources exist,
however, they are often incomplete and limited to a narrow timespan. Therefore, although
specific sources of error are noted in the analysis, there are simply too many “unknown
unknowns” for open-source researchers to accurately ascertain the modern state of the Kalibr
program, or of Russia’s cruise missile industry more generally. The Kalibr production figures
presented in this paper are thus best regarded as threshold estimates: quantities that Russia is

known to have been able to produce.

Background:

Although they continue to debate the details of Russia’s nuclear strategy, Western
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analysts have identified several generalizable concepts regarding conflict, deterrence, and
nuclear employment shared by Russia’s strategic community. While a comprehensive analysis of
these concepts is outside the scope of this paper, several points are critical to understanding why
some scholars have argued that Russia has shifted towards a greater reliance on conventional

arms for its deterrence needs.

In the Russian, and former Soviet, military-political tradition, the English term
“deterrence” can be translated as either ustrashenie or sderzhivanie. The former word is often
interpreted to mean, roughly, deterrence by fear inducement, whereas the latter is more
analogous to the English term “containment”. These terms do not exclusively reference military
action, but, rather, refer to a wide range of activities intended to shape adversaries’ decision
making to guarantee the security of the Russian state.!® Activities within this spectrum are
referred to as “strategic” if their principal aim is to preserve Russian sovereignty and territorial

integrity. Kofman et al. portray the Russian concept of “strategic deterrence” as a “framework”:

[It]...provides a unifying model for aligning perceptions of the military-political threat
environment with the state's instruments of national power intended to shape that
environment positively for Russian interests...Strategic deterrence represents both a
state's theory of how to attain security in peacetime, and an inclusive national security
concept to coordinate the various means at its disposal to manage escalation.!! (5)

As part of its mission, the Russian military must also fulfill non-strategic deterrence
requirements set by political leaders. The distinction between strategic and nonstrategic
deterrence reflects the granular distinctions made by Russian military strategists when discussing
the types and phases of conflicts. Russia generally regards conflicts as existing along a time and
intensity spectrum; periods of military danger are seen as preceding conflicts, which can range in

scale from local to nuclear.

To achieve strategic deterrence, Russia prefers to hold critical adversarial targets at risk,

rather than relying on its defensive forces to impose costs over the course of a conflict.
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Throughout the Soviet Era and continuing into the modern day, both strategic and tactical
nuclear weapons have been theoretically and operationally assigned to this role.!? I3 Doing so
presented Soviet strategists with a critical challenge, however, that became apparent during the
late 1980s and early 1990s: the U.S.S.R.’s reliance on nuclear weapons undermined its nuclear
credibility in its relations with the U.S. and limited its ability to fight a conventional war. This
issue became exacerbated after the collapse of the Soviet Union as Russia simultaneously
became conventionally weaker even as its strategists anticipated a proliferation of low-intensity

conflicts.!4 15 16

Recognizing the challenge posed by the U.S.S.R.’s reliance on nuclear weapons and
anticipating the incipient proliferation of precision-guided munitions, late Soviet and early
Russian military planners established the doctrinal foundations for their use. !” By virtue of their
accuracy and ability to threaten critical targets, PGMs were understood to afford their operators
two important benefits over nuclear arms. First, their users could more credibly strategically
threaten adversaries with PGMs, because their employment would not break the nuclear taboo.
Second, the anticipated damage from PGM use could be tailored for a desired psychological
effect. Their first significant combat use, by the U.S. in the Gulf War, confirmed their utility as
warfighting instruments that could effectively neutralize targets with minimal direct risk to the
operator. Accordingly, in his study of Russia’s precision strike capabilities, Dave Johnson found
that Russian military strategists began to call for Russia to develop its own PGM capabilities

shortly after the collapse of the U.S.S.R.:

Russia’s leaders found their high level of dependence on nuclear weapons during the lean
years of the 1990s constraining and dangerous. In their view, nuclear weapons were not
credible responses to the security threats and challenges pressing in on Russia in the
immediate post-Cold War era. The Russian military assessed the growing U.S.
conventional precision strike capabilities as a significant future threat to Russia. Russian
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strategists determined that the most effective response would be the development of an
analogous countervailing capability...Consequently, the development and fielding of
conventional precision strike capabilities have been high priorities in Russia’s intensive
military modernization efforts undertaken since 2008. (38)'8

This conceptual acceptance of the value of PGMs by the Russian political and military
establishment, he argues, has resulted in the use of both conventional precision and nuclear

weapons as instruments of strategic deterrence.!® 2°

Johnson’s argument regarding the centrality of precision-guided munitions in Russia’s
contemporary strategic deterrence concept is shared by other scholars. In her study examining
the impact of Russia’s modernization of its conventional forces on its nuclear strategy since the
early 2000s, Kristin Ven Bruusgaard argues that “...conventional inferiority can produce
increased reliance on nuclear threats, but some states seek to improve conventional capabilities
to overcome this dependency. Russia is one such state: its preferred escalation management
option is not, by default, nuclear weapons.”?! Partly basing her findings on Russian-language
military science writings, she echoes Johnson’s framing of the development of Russian PGM

strategy:

By the late 1990s, Western conventional military capabilities had evolved far above and
beyond Russian capabilities. Western precision strike capabilities were perceived as a
growing threat to Russian security, with an ability to define future war. Conventional
capabilities could be used in what Russian strategists started calling strategic first strikes,
potentially inflicting critical or unacceptable damage on an adversary. This notion that
advanced conventional precision weapons could have a destructive potential like nuclear
weapons would have severe repercussions for how Russian strategists sought to influence
adversary intentions. (12 — 13) 2

Reforms were therefore undertaken during the early 2000s to develop and sustain a PGM
arsenal, so that “...by the mid-2010s, Russian conventional precision strike capabilities had

started to fill a role in the Russian strategic deterrence concept”.?® Similarly, in their study
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tracing the development of Russian thought concerning escalation management, Kofman et al.

argue:

Today, Russian military thinkers believe that strategic conventional capabilities give
Russia the flexibility to inflict a specific or tailored amount of damage on various
structural elements of an adversary, critically important objects that underpin their
military and economic systems, in order to achieve a level of strategic deterrence. As they
became available, conventional weapons proved more attractive as a means by which to
inflict this type of deterrent damage against an adversary, particularly in conflicts short of
large-scale war. (57 — 58) %
Russian and Western experts generally disavow the notion that Russia’s acquisition of
PGMs has made it less reliant on nuclear arms for strategic deterrence purposes than it otherwise
would be.? 2¢ Rather, conventional PGMs are regarded as complementary to strategic nuclear
weapons because they expand Russia’s range of options in a conflict, especially (but not
exclusively) those at the lower end of the scale and intensity spectrum.?’ Johnson, for example,
summarizes the interdependence of nuclear and conventional arms in Russia’s deterrence
strategy by arguing that “non-nuclear and nuclear deterrence are conceptually linked because
strategic nuclear deterrence is viewed as creating the necessary preconditions for non-nuclear

deterrence (by conventional precision weapons) to be effective.”?® McDermott and Bukkvoll

frame this modern strategy as stemming from Russian strategists’ longstanding fears:

...any realistic assessment of Russia’s continued and future interest in [PGMs] must take
account of the historical intellectual context in which it emerged. The country was and is
ultimately driven by concern over maintaining strategic deterrence and developing new

capabilities to meet modern warfare challenges through a range of potential conflicts.”
(10-11) 2
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Accordingly, the analytic community has interpreted Russia’s increased reliance on conventional
arms for deterrence purposes as signifying a higher threshold for nuclear use, as both the political
costs of nuclear employment and likelihood of subsequent escalation increase alongside the

availability of non-nuclear deterrents.*°

Despite the consequences of a purported growing Russian reliance on non-nuclear
instruments of strategic deterrence, scholars have expended far more effort in assessing the
theoretical ramifications of such a policy shift than ascertaining whether Russia’s procurement
priorities reflect doctrinal changes. Although some discrepancies between general military
strategy and Russian leaders’ statements have been noted for their practical implications, experts
writing about nuclear strategy for public consumption have typically hedged their analysis by
citing the deployment of certain types of PGMs as implied evidence of alignment of theory and
practice. 3! 32 33 3435 [n other instances, key claims are made with no citations.*¢ Fink, for
example, theoretically deduces that “Russia does not have sufficient conventional precision-
strike capabilities to credibly threaten the full range of Western counterforce targets”, a
conclusion likely reached as an extension of her finding that Russian military analysts “focus on
limited strikes to inflict ‘deterrent damage’ on ‘vitally” important military targets”.>” More
precise estimates of Russia’s PGM capacity have occasionally been openly published, although

these typically base their conclusions on calculating the number of launch platforms Russia
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possess, rather than industrial output of weapons themselves.?®3° While such analysis is helpful
in tracing the contours of the development of Russia’s nuclear strategy, it risks conflating
Russia’s capabilities and theoretical doctrine. Furthermore, although Russia’s PGM production
capacity has undoubtedly been well-studied by intelligence services, this information is publicly
unavailable, limiting important debate to a narrow subset of experts and potentially shielding

policy choices from informed external scrutiny.

This is not to suggest that deterrence is purely contingent on quantifiable means;
generations of researchers have demonstrated the salience of human psychology and other
factors. Establishing universally accepted threshold values for the number of PGMs Russia must
procure to enable its strategy of non-nuclear strategic deterrence is therefore impossible.*?
However, it is equally true that strategies must be adequately resourced.*! In the present case, if
Russia is unable to produce PGMs in sufficient quantities to meet its defined needs, or is
otherwise unable to utilize them for their intended purpose, doctrinal debates over their salience
(or lack thereof) in Russian nuclear strategy are moot. Even with a “surplus” of PGMs, Russia
may reconsider its approach to attaining strategic deterrence. Reliable and verifiable estimates of
Russia’s PGM production capacity are therefore necessary for analysts to ascertain the extent to

which Russia can reduce its reliance on nuclear weapons as instruments of deterrence.

The following section attempts to resolve this information gap by utilizing open-source
information to develop estimates of Russia’s annual output of the Kalibr family of cruise
missiles. From a technical perspective, the Kalibr is well-suited to the non-nuclear deterrence

mission envisioned by leading Russian strategists.*? Estimates of its performance vary by source,
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but all non-export variants of the Kalibr are generally considered to have a range of at least 1,500
KM, enabling Russia to hold at risk a vast amount of NATO member states’ critical civilian and
military infrastructure from within its borders. Furthermore, the modularity of the basic missile
design has enabled Russia to develop both land-attack and anti-ship variants that can be mounted
on both land and sea platforms, including standardized shipping containers and cheap corvettes -
design choice aligned with the doctrinal shift towards non-nuclear strategic deterrence that has
occurred over the previous decade. The Kalibr’s flexibility allows Russian mission planners to
more precisely “assign” damage to correlate to a given psychological effect, while its ability to
be concealed (in either submarines or common shipping containers) enhances its utility as a
deterrent by bolstering its survivability. 4> Accordingly, while the Kalibr is not the only
precision-guided munition Russia has developed in recent years, its design and explicit
association by President Putin with the goals of strategic non-nuclear deterrence indicate its

utility as a representative case study in understanding Russian PGM production capacity. 4 4> 46

Research Procedure:

Two related approaches were identified for estimating Russia’s annual Kalibr output.
Because of the secrecy surrounding missile production figures and costs, little precise open
information is available regarding deliveries of completed units. Russian political, military, and
industrial leaders typically decline to cite precise quantities. For example, a 2017 article in the
official magazine of the Russian Ministry of Defense (MOD) quoted the Chief of the General
Staff General V.V. Gerasimov as stating that the number of “precision cruise missiles” had

increased by “more than 30 times” over the 2012 - 2017 period, without referencing a baseline
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amount.*” Nonetheless, Russian leaders with access to comprehensive production information
have occasionally cited specific amounts of missiles that have been delivered to the armed
forces.*® However, given the incentives to obfuscate these figures, any official information was
verified by additional means. Research efforts were therefore primarily directed towards
unearthing information regarding the missile’s subcomponent supply chain. The technological
complexity of modern cruise missiles facilitates this type of research, as the human, industrial,
and financial resources necessary to make these components provides a high barrier to entry,
limiting the relevant information search space and raising the public presence of the companies
in the market. This approach has three key drawbacks, however. First, the available data often
lack the necessary details to estimate output; in these instances, they must be inferred from
secondary sources or using assumptions, introducing error. Second, no public information exists
concerning the output of different types of Kalibr missiles; production estimates can therefore
only reflect the production of Kalibr-type munitions. Finally, chronological gaps in the data
constrain the inferential value of estimates and make them impossible to normalize or project

over time.

With limited exceptions, the information presented in the case study consists of compiled
primary-source material. All was available, at the time of initial access, to users without needing

to register for websites and services.

Avionics System Analysis:

According to the prominent weekly military newspaper Voenno-Promyshlennyi Kur’er
(Military-Industrial Courier), the Kalibr’s seeker head (model “AGRS-14E”) is made by NPP-
Radar MMS (NPP Radar), a St. Petersburg firm specializing in radar systems and
microelectronics for civilian and defense industries.** Although neither the firm’s annual reports,

accounting statements, or publicly available contracts provide direct evidence of the amount of
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seeker heads of this model sold, a February 2016 business record indicates that it had a
relationship with a larger firm specializing in rocket production, NPO Mashinostroyeniye, itself
part of a larger state-owned conglomerate, the Tactical Missiles Corporation.
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Although this record for the sale of an “automated data signal processor in one [physical]
case” does not directly indicate that NPP Radar sold seeker heads to NPO Mashinostroyeniye ,
the evidence of a business relationship between the two firms suggests a degree of mutual

understanding over acceptable prices for goods. >°

Price estimates for a cruise missile seeker head used by NPO Mashinostroyeniye can be
derived from a video (since deleted) posted by an official military-affiliated television channel
called “Zvezda” (“Star””) on YouTube on approximately December 1. The video, which discusses
the Kalibr’s technical specifications and uses, includes a shot taken inside NPO
Mashinostroyeniye’s production facilities, in the Moscow suburb of Reutov.>! In the shot, the
host bends down and gestures with his hands to the seeker and avionics compartment of a cruise
missile, stating, roughly “my understanding is that this section is worth approximately two
apartments.” Although NPO Mashinostroyeniye does not produce the Kalibr, its products, such
as the anti-ship P-800 (“Yahont) missile are sufficiently similar from a technical perspective to
the Kalibr to allow for rough comparison. For example, both can be launched from the same
container, and the avionics package each uses are designed for the same purpose (guidance over

water). 32 33 Therefore, although it is impossible to verify where the apartments referred to by the

50. Most public records of this contract have been deleted since it was identified in March 2022. The screenshot is
taken from the business records site checko.ru. See: "Contract: 55012039795160000020000," (ClearSpending,
02/03/2016). https://clearspending.ru/contract/55012039795160000020000/.

51. "Unknown," ed. Unknown (TVZvezda, 12/01/2015 (Approximately) 2015).
https://www.youtube.com/watch?v=xtLX7qjugAU.

52. A.B. Kapnenxko, "Pakernsiit Kommnexke ¢ [IpornBokopabensHoii Pakeroit «oHuKe» (»s1xoHT»). HoBocTH 2011-
2014," (Opyxne OtuaectBa, 2014). http://bastion-opk.ru/yahont-2014/.

53. Unes Kpamank, "HexBaTka «kalInOpOBKI»: KaK MPOBAIMBACTCS MOJCPHU3AINS TTOUTONOK," HM3secmust,
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video’s host in his comment regarding the avionics system’s cost are located, this information
can nonetheless be used to calculate its cost in rubles, if it is assumed that he was referring to the
apartment prices in Reutov. This is a reasonable assumption in this author’s view, as such
information would likely have been provided on-site, prior to filming, by employees within

commuting distance of the facility.

Although access to historical housing prices in Reutov is limited, a July 13, 2015 analysis
by a Russian real estate brokerage website indicates that the average cost of an apartment on its
secondary market at the time was 8,016,264 rubles, placing the cost of the avionics package at
16,032,528 rubles.>* Using the average ruble-to-dollar exchange rate for December, 2015 of 70
Rubles/ USD, the cost of a single avionics package for Kalibr-like cruise missiles is determined
to be approximately $230,000. For comparison, upgrading the American Tomahawk cruise
missile to have similar anti-ship capabilities cost the U.S. approximately$250,000 per unit in
2015 dollars, and required physical modification of the seeker head, in addition to software

reprogramming. > >

These figures can be used to derive approximate production rates for avionics systems
suitable for use in Kalibr missiles. In its 2015 report, NPP Radar stated that its VAT-inclusive
revenue, likely derived exclusively from defense-related work, was 6,049,760,000 rubles.’” The
same report also reported the revenue derived from contracts with companies in which it had a
financial stake. These companies (which are unlikely to be avionics resellers to Novator) and
their associated transaction amounts with NPP Radar in 2015 are as follows:

1) R.E. Alekseeva Central Construction Bureau for Hydrofoils: 596,640,670 rubles

2) Petrostroy SPB: 112,686,880 rubles

12/06/2022 2018, https://iz.ru/820554/ilia-kramnik/nekhvatka-kalibrovki-kak-provalivaetsia-modernizatciia-
podlodok? x tr sl=ru& x tr tl=en& x tr hl=en& x tr pto=sc.

54 "Cammrit noporoit ropos [ogmockobs — PeyToB, cambiii rerueBsbiii — Jlukuno-Jlysneso," Mup Ksaprup, updated
07/13/2015, 2015, accessed 03/20/2022, 2022, https://www.mirkvartir.ru/journal/analytics/2015/07/13/samii-
dorogoi-gorod-podmoskov_a-reytov-samii-desevii-likinodylevo/.

55. Aaron Mehta, "Pentagon Budget Requests $2B for Tomahawks, $2.9B for SM-6," 02/03/2016 2016,
https://www.defensenews.com/2016/02/03/pentagon-budget-requests-2b-for-tomahawks-2-9b-for-sm-6/.

56. "Delivery Order (DO)- PIID: N0O001917F2001," (usaspending.gov: U.S. Department of the Treasury, 2017).
https://www.usaspending.gov/award/CONT AWD NO0001917F2001 9700 N0001915G0003 9700.

57."AO "HIIII "Pagap mmc": T'ogoBsie Otuersl," in [Jenmp Packpwimusa Kopnopamusnoi Ungopmayuu
(MuTepdakce, 03/02/2022). https://e-disclosure.ru/portal/files.aspx?id=2527&type=2 &attempt=1.
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3) Morinfosystem-Agat Concern: 44,136,220 rubles
4) NPO Mars: 20,000,000 rubles>®

Excluding the sum of these contracts, 773,463,770 rubles, approximately 5.3 billion
rubles of NPP Radar’s 2015 revenue remains publicly unassociated with a source. If all this
revenue is assumed to be derived from the production of seeker heads, the company would have

been capable of producing 329 units per year in 2015.

Aluminum Body Analysis:

Although OKB Novator has its own computerized metalworking machines, purchasing
records suggest it has occasionally chosen to outsource production of the Kalibr missile’s body
to other companies. In 2016, Novator concluded a series of contracts for aluminum tubes,
specifying its desired weight in the purchase order. These tubes were comprised of an alloy,
AMg6M, suitable for rocketry and the dimensions specified in the orders closely approximated
the dimensions of several varieties of the missile.>® ¢° Furthermore, the end user listed on the
contracts is a state-owned defense procurement organization, “Oboronpromkompleks”. For
example, contract number 31604106874, renewed on September 19, 2016, specifies that the
aluminum supplier “Arkonik SMZ” is to deliver 50.414 metric tons of AMg6M tubes, each

measuring 560 x 35 x 8250mm.°!

58. The annual report indicates that it signed a contract for 5,000,000 rubles, but government data indicate that NPP
Radar received at least 20,000,000 rubles in 2015 work from NPO Mars. It could be that NPP Radar’s annual
reporting reflects the value of that same contract executed during that year; this is unlikely however, as the period of
performance indicated in the contract ended in March 2015. See:
https://zakupki.gov.ru/epz/contractfz223/card/supplier-info.html?id=151213

59. "Russia says local Alcoa unit abused monopoly," Thomson Reuters, updated 03/03/2011, 2011, accessed
03/30/2022, 2022, https://www.reuters.com/article/alcoa-russia-idUSLDE7221WH20110303.

60 Sergey Mokrushin et al., "Research of dynamic properties of alloys of AMg6BM and AMg6M in shock-wave
experiment on a gas gun," EP.J Web of Conferences 94 (01/01 2015), https://doi.org/10.1051/epjconf/20159401055.
61. Contract signature dates used in this section are taken from the official Russian registry site zakupki.ru and may
not always correspond to the associated documentation.
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MarorosnTens-tpy3coTapaBuTens: Cpyaononyvatens: Noxynarent:
Aunonepnos OBECTs0 "ApoHIK CM3" AO "Onumioe KoHCTpyETopCxoe Biopo “Hovarop” 20 "Onsaros sowcTpyopcaos Sopo Hosars™
Agpec: 443051, Camapoxan o6n, Cawapa r, Aapec: 620017, Caepanoecean o, Anpec: 620017, Ceopanceckan o6y
wa-ATwicxas yn, aow Nt 29, kopyc 3334 Exarepudypr 1, KockonaeTos np-+r, Ao N 18 Exaropuediype , Kocuwaeros -, acu N 18
OTrpyIOUMLIE pexBuIMTEI: Yenownn nocraskw: plc: 40708810516540000060
o: MAO CBEPEAHK, I. MOCKBA Barowawm » GonswerpyMsm FCA, Pocom, r. Cawapa 5 YPAILCKIM BAHK MAO CEEPBAHK, T

OMTeANpaNH (20-30 TH) - EKATEPUHBYPT
BIK: 044525225 on BUK: 046577674
CTanyaw 638003, CpeAHeTONHERHuAM

wc: 30101810400000000225 lo TeRnepamm (3-5 TH) - CT. Beasimma we: 30101810500000000674
 K0R Craiom 657603 4, K0A
ViHH 7706052300 C@ EAO “Arwoa CMJ’ 5122, VHH 6673092045
KO Co 3A0 "CM3" - 05810808
O8I KN 770801001 OKBI: KN 997850001
Edbpemosa Ared, 7. 846-270- 9945 AoB. 5520
Koa no OKNO 07544309 :;C;;’on;; ‘DOI!NI Muxainoena
Manatynuma Coetnana
3AKA3HAA Cl'lELlVIOMKALlMﬂ Ne 11602500092 ot 08.09.2016
Heors Ne 1517 07/122 ot 16.12.2015
3AKA3HASA CMNELIMOUKALIUSA Ne 11602500092 ot 08.09.2016
Heor K pakry Ne 1517 07/122 or 16.12.2015
Tipoayxann nocrasnaenas TOCTABIIKOM
Gop-
. . Mpenen
O O S e S -4 g oo vl - B I P RO P
nin s — eansw. Pyo | S0 HC, oy
Hometknatypa ?;?r FOCT.OCT.TY. 5:: P""‘"‘::““"““‘ wocrs | Beclum | %+ €A | yon g,
%
7 prﬁu ] TPxp_| AMG LY [ 0| 7| 50,414 280 307.16|14 585 131,16] 18% |2 625 323,61] 17 210 454,77
X 8250 M__|OCT 1-02048-90 560 x 35 x 8250 0,0000 | 10
Tapa: Bo3) ynakosin wr 0 0,00( 0,00] 8% 0,00 0,00
[ioro: 7| 50,414 14585 131,16 2625 323,61] 17 210 454,17

1. Mo3.1 Aswatexnpuesa no FOCT P 52745-2007, OCT 1 904342006,

2. Mo3.1 TpeBoearun K ynaxoske. Tun ynaosks - 663 ynaxoaxu.

3. Mo3.1 Mexanmueckue caoiicaa. Cneu TpeGosanws: nocTaexa no OCT 1-92048-90, ueprex 560x35H. MocTaska ¢ 0GA3aTENbHbIM NPOBEASHHEN
KOHTPONA Ha COAEPXaHME BOAOPOAA N0 TBEDAOH NPOBE Ha KAXAOH NNASKE 8 COOTBETCTBMN C TpeGoBaNMAMK N.n. 3.1.2, 4.3, 5.3 OCT 1-92048-90  yKa3aKWEM PE3yNLTATOS MGTLITAHMR B CepTHpMKTE)
Ha TpyGaX CORCPRGHNE BOAOPOR HE KONTPOUPYETCR

3 no TPY5 (NPOTMG TpYGHl COrNAcoBaH 2 MM Ha 1 & ANWH).

4. Kommeacrno py6. Moa.1 - 40 un,

5. 3acas 3asenen Gornaco nucemy Ne2010/47 or 23.08.17 x KowTpaxTy Ne151 106/3/1/3/0047/TK-15-A7O3 0T 10.08.2015 G WACKTUOKKALMOHHSIM HOMEDOM
1517187400382020105004106.

6. GitkcupoBaNHas uea 8 pyBnax Ka 1 erpmieceyo Tony. yasanan  darave, aeiicTayer 40 16.09.2016. Ecnu 3axa3 we Gyaer nognucan MokynaTenem A0 yxasaHHoR ATy,
7o AO "Apxonix CM3" ocraenser 3a coboi UeHs ¢ yueTor Gupmessix LeHs nep: anowiHus 8 Aonnapax CLA

Ha 1 METPHIECKYIO TOHHY U KYPCa PYGIA K ronnapy GLIA. yeransanenserd LiowTpoGamom P,

Although the purchase orders specify the quantities of tubes ordered, the amounts can be
verified by mathematically deriving the total length of pipe in each contract from the orders’
dimensions and the alloy’s weight (2,640 KG /M?). The following table uses this approach to
calculate the number of tubes ordered in the single largest (by order quantity and cost) publicly

available contract (number 31604585629, dated December 28, 2016) concluded by OKB

Novator. %2

Tube Dimensions (mm) Quantity in KG Number of Tubes

560x35x8250 88,200 70
560x35x7750 106,560 90
Total 194,760 160

Several indicators can be used to ascertain how quickly OKB Novator intended to utilize
the pipes. Per the available purchase documentation, each contract for aluminum alloy
procurement is tied to a larger government contract between the MOD and Novator. For contract

31604585629, the master contract is 1617187400922412209010034, signed April 08, 2016.

62. "Contract #31604585629," (3axynkwu.py, 03/14/2022).
https://zakupki.gov.ru/223/purchase/public/purchase/info/common-info.html?regNumber=31604585629.
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6. DuKCHpoBaHHan UeHa B a3anran & 3axale, AEACTBYET 10 30.12.2016. Ecnu 3aka3 He GyaeT noanucan Mokynarenem R0 yK8IanHoR 4aTw, To AQ “Apkomnk CM3"
" GupKEBLIX NOKAIATENE LEHS! NEPEUHONO BNKUIHIR B A0NNaPax CILIA KA 1 METDHMECKYIO TOrHy ¥ Kypca pybns k gonnapy CLLIA

Although detailed information about the master contract is unavailable, funds allotted to
it were spent on materials besides tubes that are uniquely used, as consumables, in the production
of cruise missiles (such as forgings made from the same alloy). However, within the same
period, contracts for capital goods, such as hydraulic presses, were not associated with a
government contract, suggesting that the money for the execution of a state defense order is
treated separately from operating funds at Novator’s disposal.®® ¢4 Under this assumption,

relevant contracts for raw materials can be treated as reflective of Novator’s Kalibr output.

The timeline of the alloy purchases lends additional insight into Novator’s production
patterns and capabilities. Contracts 31604106874 and 31604228233 for tubes were signed with
Arkonik in September and October 2016, respectively, and were both associated with a master
contract signed in August 2015. The first contract was far larger in terms of quantity than the
second (40 tubes compared to 3), but the producer had far less time to fulfill it than the second
(70 days compared to 131). Although it is not conclusive evidence of such, this discrepancy
suggests that Novator was working at capacity and could not absorb the additional raw material
until it had utilized the original. Furthermore, although there is no documented evidence of
deliveries of AMg6- type aluminum prior to September 2016, and therefore no way of knowing
how much remaining inventory Novator had prior to Fall 2016, the timing of the letters of intent

it signed to purchase tubes and related aluminum goods reveal its planning operations.

The earliest available contract, for the delivery of 40 tubes by November 28, 2016, was
signed on September 19, 2016, in accordance with a letter of intent dated August 23, 2016,
giving a planning period of 97 days, and a production time of 70 days. Prior to the fulfillment

63. "Contract #31604585629."

64. "IIpodnemusie Borpocs! ['ocobopon3zakasa, Ilpemnoxenns [To Ux Pemennto u IoBsimennto S dekTuBHOCTH
Brinensiembix Cpencts," Hayunwbiti 6ecmuuk 060poHHO-npombiuienHo2o komniekca Poccuu, no. 1: 33,
https://cyberleninka.ru/article/n/problemnye-voprosy-gosoboronzakaza-predlozheniya-po-ih-resheniyu-i-
povysheniyu-effektivnosti-vydelyaemyh-sredstv.

65. There is a typographical error in the source document.
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of the September 19 contract, Novator chose to conclude another, on October 20, for the
purchase of 3 tubes, with a delivery date of February 28, 2017. A month later, on November 21,
it signed a new letter of intent for 160 tubes, and the contract was executed on December 28,
2016. Delivery dates for the line items in the December contract were staggered: Novator was to
receive 45 tubes by March 29, 2017, 45 by May 7, 45 by July 1, and 25 by September 8. These
dates correspond to a planning and production period of 128 and 91 days, respectively, from the
signing of the letter of intent and contract to the first delivery. Subsequent deliveries under the
December contract required 39 days (March - May), 55 days (May-July), and 70 days (July-

September). This timeline is summarized as follows:

September 19, 2016: Novator signs a contract for delivery of 40 tubes by
November 28, 2016.

October 20, 2016: Novator purchases an additional 3 tubes to be delivered by Feb
28,2017, using the September 19 contract.

November 21, 2016: Novator signs a letter of intent to deliver 160 tubes with a

staggered delivery schedule.

November 28, 2016: 40 new tubes are in Novator’s possession.

December 28, 2016: Novator signs a contract for the delivery of 160 tubes of
varying dimensions.
- March 29, 2017: 45 units of 560 x 35 x 8250mm tubes.
- May 7,2017: 25 units of 560 x 35 x 8250mm tubes, 20 units of 560 x 35 x
750mm tubes.
- July 1, 2017: 45 units of 560 x 35 x 7750mm tubes.
- September 8, 2017: 25 units of 560 x 35 x 7750mm tubes.

e February 28, 2017: Novator receives the final tubes per its September 19, 2016,

contract.
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If Novator is assumed to fully utilize all existing tubes by the time it receives a
subsequent delivery, this information can provide approximate lower and upper boundaries for
Novator’s annual Kalibr output. Purchasing patterns indicate that Novator procures around 45
tubes at a time (except for those due in September 2017). Lower production rates can be
determined by dividing this figure by the interval between the November 2016 and March 2017
dates, resulting in an output of 135 Kalibrs per year.®® The upper boundary can be established
using the same procedure, but using the smaller interval between deliveries in 2017. Between
March 29 and July 1(95 days) Novator received 90 tubes, indicating a manufacturing capacity of

346 units per year.%’

Additional information suggests a narrower range of estimates. As noted above, if
Novator expected to be working at capacity by the time it received the 40 tubes from its
September purchase when it signed the October 2016 contract for 3 additional tubes, it would be
capable of annually producing 157 Kalibrs.®® Alternatively, if Novator is assumed to have utilized
135 tubes between March and September 2017, as suggested by the December 2016 contract, its
annual rate would be 300 units per year.® Finally, besides procuring prefabricated tubes,
Novator also signed several contracts for AMg6M forgings, rails, and stampings. While these are
unlikely to have been used to create new rocket bodies, the amount of forgings bought on a
December 29, 2016 contract indicates that Novator was able to process at least 316 560 x 35 x

8250mm rocket casings worth of aluminum per year.

Two pieces of evidence suggest that the contracts examined here are comprehensive and
capture most of Novator’s tube procurement activity for the calendar year beginning September
01, 2016. First, Novator signed a letter of intent to procure 160 tubes on November 21, 2016,

prior to receiving a previously ordered batch of 40. This suggests that its purchasing department

66. = x 365 = 134.63
122

67. % X 365 = 345.78

68. % X 365 = 156.98

69. 22 x 365 = 298.23
164
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plans its operations in 3—4-month increments (an average of 110 days).”® This timespan
corresponds roughly with the 122-day period in which Novator had received an order of tubes
and was waiting for a new delivery between November 2016 and March 2017. Additionally,
these acquisition timelines are aligned with production estimates offered by Oleh Korostelyov,
the Soviet-born director of Ukraine’s Luch design bureau that manufactures cruise missiles.
While discussing the differences between his company’s R-360 Neptun missile and analogous
Russian systems, he noted that it takes “three months to procure all the requisite materials and
components”.”! Accordingly, while additional related contracts could be hidden from the public
domain, the likelihood of that occurring is diminished given the availability of these sets of

contracts and their alignment with an expert’s estimate of cruise missile procurement patterns.
Engine Analysis:

According to the Military-Industrial Courier, all variants of the Kalibr use engines
developed and produced by the Omsk Engine Construction Bureau (OMKB, in Russian). 7?73
OMKB specializes in turbine production, and is a subsidiary of NPO Saturn, which is in turned
owned by the Russian state through its stake in the United Engine Corporation (UEC).”* Unlike
other companies involved in the Kalibr’s production, OMKB’s annual reports indicate specific

production capacity challenges at a component-level of detail.

Documents published by UEC indicate the model number of the turbojet engine used in

70. The letter of intent for the September contract was signed August 23, with an eventual delivery date of
November 28. The December contract letter of intent was signed November 21 for a March 29 initial delivery date.
71. "Ukraine designer profiles Neptun, Vilkha missile systems," BBC Monitoring Former Soviet Union (London),
08/24/

2020 Aug 24 2020, https://login.ezproxy.library.tufts.edu/login?url=https://www.proquest.com/wire-feeds/ukraine-
designer-profiles-neptun-vilkha-missile/docview/2436359689/se-2?accountid=14434

https://tufts-

primo.hosted.exlibrisgroup.com/openurl/01 TUN/O1TUN SP??genre=article&issn=&title=BBC+Monitoring+Forme
r+Soviet+Union&volume=&issue=&date=2020-08-
24&atitle=Ukraine+designer+profiles+Neptun%2C+Vilkha+missile+systems&spage=&aulast=&sid=ProQ:ProQ%3
Aabitrade&isbn=&jtitle=BBC+Monitoring+Former+Soviet+Union&btitle=&id=doi:.

72. Knumos, "beneduc «xaandposy."

73."37-013," (O6venunénnas Jsurarenecrpoutensnas Kopnopars).
https://www.uecrus.com/rus/products/bpla/37-0le/.

74."AO "OMKB": 'onoseie Otuets," in [fenmp Packpuimusi Kopnopamuenoii Hngopmayuu (Matepdaxc,
03/21/2022). https://www.e-disclosure.ru/portal/files.aspx?id=14139&type=6&attempt=1.
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Additional verification of the engine’s use in the Kalibr family is found in a promotional

video for OMKB’s 65th anniversary celebrations.”
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®unbm “65 net OMKB"
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76. Unknown, "65 Jler OMKB," (YouTube: Erop Xynospos 12/20/2021 2021).

https://www.youtube.com/watch?v=SuUvXNjlQ48.
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The identification of the model number is critical to tracing the evolution of OMKB’s
attempts to manufacture the engine. In its 2012 report (the earliest available), the Company

suggests that the development of the engine is still nascent:

Ilpu cosmanun TP/I-500 pa3pabaTeiBaloTCss M MPOXOAAT NPOBEPKY CIEAYIONIME YHHKaIbHBIC
TEXHUUYCCKHE PCIICHHS:
® YNpOIIEHHE KHHEMAaTHYECKOH CXEMbl M3JIeNHs 3a CYeT OTCYTCTBHS KOPOOKHM NPHBOJOB H
OpraHu3alys ICKTPUYECKOro NPHBO/IA TOMIMBHOIO HACOCa;
® yX0A OT TPAJHIMOHHOW MACIISIHOM CHCTEMBI CMa3KM M OXJIQX/CHHs ONOpP pOTOpa 3a CyeT
BHEJIPEHUSI CHCTEMBI TOTIMBOBO3/IYIITHON CMA3KM OTOP POTOpa M MPHMEHEHHS TOJIITHITHHKOB C
KCPAMHYCCKUMH TEJIaMU KauCHHs;
®  BHEJPEHHE CHCTEMbI BO3/YILIHOTO 3aIlycKa OT OaJuloHa OrpaHUYEHHOT0 00BbeMa.
- co3nanne Moaudukauu uzaenus 37-01 ¢ ynydieHHbIMH TArOBO-35KOHOMUYECKMMH MOKa-
3aTeNsAMH;
- co3nanue TB/I ¢ TonKaonmm BHHTOM;
- co3manue ManopasmepHoro aemeBoro TP/l Tsroit 60 krc B ycmousix H=0; M=0,7;
Gm(:O,g-/.

The 2013 report indicates the Company initiated research efforts into developing suitable
engines for Novator’s purposes and estimates that the cost to serially produce such engines

would be 1,197,081.05 rubles/unit in 2011 terms.

Co3snanune masiopasmepuoro aewesoro TP/ ¢ tsiroii 10 90 kre.

Paborb! npoBoauiKch B niepuos aBryct — oktsaops 2011 r. Ha ocHoBanuu T3 Ne 77-07-11 ot
OAO «'ocMKB "Pazyra" um. A. 5. Bepesnsika».

B xoze paboT ObLn onpeaeneHst:

- TArOBO-?)KOHOMHYECKHE XapPaKTEPHCTHKH JIBUTATEIIs;

- CXCMa Hu COCTaB JABHUTATCIIA, (I)leKlU/ll/l OCHOBHBIX CHCTEM;

- BO3MOKHBIC mpeanpusitusi-coucnonnutenu s nposeaeuus OKP no cozmanmio TTIKW u
NPEANPHATHSA-CMEKHHKH H3TOTOBHTENH cepHitnbix [TKH;

- obbem OKP mno cosganuio MmanopasmepHoro TP/-77 M OpPHEHTHPOBOYHBIC CPOKH
BbinonHeHust stanop OKP (26 mecsaueB oT MomeHTa Hawana QuHaHcupoBanus pabor B
COOTBETCTBHH C YCIOBHAMH 3aKJII0UEHHOT0 Joroopa Ha nposenenne OKP).

- MpOW3BEJeHa NpeJBapHUTe/lbHAs OLEHKAa CTOMMOCTH ombiTHOro (3 122 705,71 py6.) u
cepuiinoro (1 197 081,05 py6.) obpasiuos asurarens (B uenax 2011 rozna).

B 2013 roxy ¢ OAO «OKb «Hosatop» moctymin 3anpoc Ha co3ganue TP/l Grmuskoro mno
xapakrepuctukaM. C okrsa0pst 2013 roga Beayres paboThl 110 MPEABAPUTEILHOMY ONPEAEIEHHIO
obsiuka TP/I.

A year later, in 2014, OMKB was able to start serially producing the 37-01 engine and

began to rely heavily on this revenue stream for its solvency.



22

10. ”TH®OPMALIUS O NOJTYYEHUU OBLIECTBOM
TOCYJIAPCTBEHHOM NOIEPKKH

B 2014 roxy OAO «OMKB» rocynapcTBeHHO#M TOICPKKH, B TOM YHCIIe CYOCH/IHIT He MOTyJao.

11. OMUCAHHUE OCHOBHBIX ®AKTOPOB PUCKA,
CBSI3BAHHBIX C JEATEJBbHOCTBIO OBIIECTBA

B cBs3u ¢ Tem, uyto (puHaHCUpOBaHUE Npou3BoAcTBeHHON esrenbHocTH OAO «OMKbB» B
2014 romy OCyIIECTBIANIOCH, B OCHOBHOM, 33 CUET KPEJUTHBIX CPEJICTB, MPEANPUATHE B OOIBIIOH
CTENeHH OBUIO TOJABEPIKEHO (HHAHCOBBIM PHCKAM, CBSI3aHHBIMH C W3MEHECHHEM (yXYAIICHHEM)
(DMHAHCOBOrO COCTOSIHHUS, H3MEHEHHEM (POCTOM) IIPOLEHTHON CTaBKH 3a MOJIb30BaHHUE
KPEAMTHBIMU CPEACTBAMHU, H3MeHeHHeM (ymeHbuieHneM) o0némoB I'O3 B AO «OKbB «HoaTtop»
B 3aBHCHMOCTH OT NOJNHTHYECKHX M3MeHeHMiT B P®d, a Taike BO3MOXKHBIM BBIXOJOM Ha PbIHOK
konkypenra (OAO «HIIO «Caryph»).

VunteiBas ytpaty ¢unancoBoit HeszaBucumocTH, OAO «OMKB» orpannueHo B BbiGOpe
NeCTBHI B cllyyae HACTYIJICHHs BBINICYKa3aHHBIX HETaTUBHBIX (DaKTOPOB (IaJCHHME CIpoca Ha
HPOJYKIMIO, MOBBILEHHE CTABOK 3a I10/1b30BaHME 3aéMHBIMM  CPEJICTBAMHM, yXYyJLICHHE
(pMHAHCOBOrO COCTOSIHMSI OCHOBHOTO 3aKa3uka, ymeHbiieHue o6bémoB I'O3 mis AO «OKb
«Hosaropy, 3akmouenne 3aka3oB ¢ OAO «HITIO «Catypu» u j1p.).

B 2014 r. OAO "OMKB" B paMKkax 3THX HalpaBlICHUI IPOBOAMIIO CIEAYIOLIHE pabOThI:

- cepuitHoe usrorosienue usjenuit 37-01 u ero mouduUKaImii;

- paboTsl o npuMeHeHuIo uzaenus 37-03 B cocrase uzenus 715 (usnenue 37-04);

- OIBITHO-KOHCTPYKTOPCKHE paboTh M0 MoAepHU3amu unenus 37-04 (u3nenue 37M);

— PEMOHT M HpPOJJICHHE pecypca 10 TeXHHuYeckoMy coctostuutio asurarens TBJI-10b;

- KOHCTPYKTOPCKOE COMPOBOKACHHE CEPUITHOTO MPOM3BOACTBA M DKCIUTyaTallMK ABUTATETCH
cobcrBeHHOM paspadorku (TB/1-20, BCY-10, uznenue 13, uznenue 37-012).

The 2015 report indicates that the 37-01 engine continued to be serially produced, and
clarifies that the 37-series of engines are designated for use in cruise missiles through the
reference to the use of the 37-04 and 37-05 series engines being developed for GMKB Raduga, a
defense contractor producing missiles with similar operational requirements and characteristics

to the Kalibr:

B 2015 r. AO «OMKB» B paMKax 3THX HarpaBJIeHUIH MPOBOINIIO CIEAYIOLHE pabOThI:

- cepuitHoe usrorosnenue uzaenuit 37-01 u ero moaudukarmii;

- paboTsl 1o npumeHenuto uszaenus 37-03 B cocrase usgenus 715 (u3nenue 37-04);

— ONbITHO-KOHCTPYKTOPCKHE paboThl 1o MoaepHu3auuy nzaenus 37-04 (u3nenue 37M);
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IlnanupyeMble HHBECTHIIHOHHBIE POEKTHI:

Ha 31 nexaGps 2015 rona yTBepK/IeHbI WIIM HAXOASAIIMXCS B CTaAMU O(OPMIICHHS U PELLICHUS
BONPOCOB (PMHAHCOBOI0 00ECIeYeH s ClIely olINe HHBECTULIMOHHbIE IPOEKThI:

1. «CrpoutensctBo u Texuuyeckoe nepesoopyxernne AO “OMKB” B 2015 - 2018 roaos ¢
LIENTBIO BBITIOTHEHHS IIPOrpaMMbl U3roToieHus uszenuit 2015-2020 rogopy.

2. «Pa3BuTue  NPOM3BOACTBEHHBIX  MOLIHOCTEH, CTPOUTENBCTBO M TEXHHYECKOE
nepesoopykenne AO “OMKB” B 2017- 2018 rozgax ¢ 1e/1bI0 BBIMOJHEHHS TPOTPAMMBI BBITYCKa
npoxaykuuu Juist OAO “I'MKB “Panyra” um. A.Sl. bepesnska»;

3. «Pa3BuTHe NPOM3BOACTBEHHBIX  MOIIHOCTEH, CTPOUTENBCTBO M TEXHHUYECKOE
nepesoopykenre AO “OMKB” B 2016- 2017 rozax ¢ uenabio obecrneyeHus NporpaMMbl BBITYCKa
npoxykuuu it AO “OKb “Hosarop™»;

4. «CrpoutenscTBo U Texuuueckoe nepeBoopyxkenne AO “OMKB” B 2016- 2018 ropax ¢
1nenpio u3roropaeHus uznemni 37-04 nas OAO “I'MKB “Panyra” um. A.Sl. Bepesnska»;

5. «CrpourensctBo u TexHudeckoe nepesoopyxkenne AO “OMKB” B 2019- 2020 ronax ¢
1enbio u3rotopieHns nsaeauit 37-05 aust OAO “TMKB “Panyra” um. A 5. Bepesuskay;

6. «CrpoutenscTBo U TexHuueckoe nepepoopyxerHune AO “OMKB” B 2019- 2020 ronax ¢
nessto usrorosiaenus uzaenuit 73b st OAO “T'MKB “Pajnyra” um. A.Sl. bepesusika»;

OMKB’s 2016 report is the first to explicitly link the 37-01 engine to the 3M-14
platform, and notes that the Company has taken preliminary steps to produce a purported

extended-range version of the existing missile (the 3M-14M).

B 2016 r. AO «OMKB» B pamMkax 3THUX HarpaBieHUI POBOIUIIO CIEAYIOIIUE pabOThI:

- cepuiiHoe usrorosienue uszenuii 37-01 u ero moaupuKarmii;

- pabotsl o npumenenuto uzjaenus 37-03 B cocrase uzaenust 715 (usnenne 37-04);

— OMNBITHO-KOHCTPYKTOPCKHE paboThI 10 MoAepHU3auu usaenus 37-04 (usnenue 37M);

— BBINOJIHEHHE HCKU3HO-TEXHHYEeCKoro rnpoekra no teme «Cosznanue wusgenus 736 B
COOTBETCTBHH ¢ TpeboBaHusiMu T3»;

- HayuyHO-UccienoBarenbckue paboTsl mo Teme «MccnemnoBaHue BO3MOKHOCTH CO3/IaHUS
mastorabapurtsoro TP[I»;

- paborel mo Teme «lloaroroBka marepuasoB Mo MoaepHH3auumu usgenus 37-01 mns
npUMeHeHus B cocrase uzjaenus 3M-14My;

— PEMOHT U NPOJJICHHE pecypca 110 TeXHH4YecKoMy coctosiHuio asurarens TB/-10b;

— KOHCTPYKTOPCKOE COMPOBOXKICHUE CEPUIHOTO TIPOM3BOJICTBA M DKCIITyaTallu| JIBUTATENeiH
cobctBenHol paszpadorku (TB/-20, BCY-10, uznenue 13);

- paboThl MO YBENHUYEHHIO Ha3HaueHHoOro pecypca asurarenss BCY-10-02 ¢ 4500 wacos
(6300 1ukmnoB) g0 10000 yacos (10000 nukIoB).

The final publicly available annual report, from 2017, states that OMKB will continue to
develop 37-series cruise missile engines, but suggests that it is facing severe production

challenges due to its financial situation, depleted equipment, and a worker shortage:

The primary issues facing OMKB are as follows: 1) the age and degradation of
equipment and a lack of own funds for the modernization and technical upgrades of the
production line, intended to grow production capacity owing to the increase in orders, as
well as insufficient throughput of the testing station located in a production facility built
in 1941, whose technical defects limit the work that can take place, pose a risk to safety,
and create a risk collapse. 2) A deficit of qualified specialist personnel. 3) The repayment
of obligations owed to creditors... and the interest on borrow funds.”” (14)

77. Author’s translation
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The report also provides insight into specific factors output-limiting factors. In section
7.6, titled “Maximum Allowable Production Capacity”, OMKB writes that its output is limited
by the testing stage of production (taking place at Stand 4), and provides a breakdown of its
output, using the example of 37-series products. According to the report, each engine takes 20
hours to evaluate and configure, and the testing station has an annual availability of 5,868 hours,

accounting for repair and maintenance. Therefore, the throughput for the 37-series engines is

5,868 .
o = 293 units per year.
7.6. MakcHMAJIbHO JI0NYCTHMAsI IPOEKTHASI MOILHOCTD 10 BBIIYCKY NPOAYKIHH B 0TPACIH
(HATYpaJBHBIIi MOKAa3aTe/b, €ro pa3sMepHoCcTh)
MakcuManbHO JOIYCTHMasi MPOEKTHAas MOLIHOCTh HPENPUSATUS IO BBITYCKY MPOLYKIHMU
orpezielieHa 1o cinadomy 3BeHy — VcnbITaTenbHOM CTaHIUH.
JImuTenbHOCTh MpOBeIeHHST UCTBITAaHUN n3aenus «37» Ha crenae Ne 4 cocrasiser 20 yacoB
(C y4eTOM BBITIOJIHEHHUS JIOTIOJTHUTEIBHBIX HACTPOEK).
osoBoii pona pabotsr crenga Ne 4 — 2445 * 3 * (0,8 = 5868 uacos,
I'ne 2445 4 — ¢ona Bpemenu paboTsl cTeHa B 1 cMeHy ¢ yyeTtoM paboTsl o cyoboTam;
3 — cMeHHOCTB paboThI;
cmp. 15
TI'ooosoit omuem AO «OMKb»
0,8 — BpeMsi IOJIE3HOTO HCIOJNB30BAHUS CTEHJIa — C Y4YeTOM MPOCTOEB B PEMOHTE M
TEXHHYECKOM 00CITy:KHBAHHH.
MorHocTs paBHa: 5868 : 20 = 293 uznenus.
The report later confirms that there is only one suitable testing stand for the 37-series
engine.

2 BpIX0z U3 cTposi CTeHI0BOTO 000pyI0BaHHs

Ne Pucku MeponpHsiTUsi 10 CHH/KEHHI0 PUCKOB
n/n
1 | Crapslii Kopmyc. PazpaGoran OPOEKT MO0 CO3JaHHIO
2 | Beicokast  3arpy3ka M W3HOIICHHOCTH | MCIBITATEIIbHOTO KOMIIJIEKCa.
HCIIBITATEIHOTO KOMIIIEKCA.
3 | 3aBHCHMOCTH OT CIMHCTBEHHOrO crTenaa | Hauarel paboTbl 10 OCHALIEHMIO CTEHJA
(crenn Ne 4) no ucnwitanuio uzjaeaus 37 u | Nel5 cucremoit Hamnysa s MMHTaLMH
€ro MoAM(UKALMH C HAJUTYBOM. nosera.

The document also notes that Novator owed 984.9 million rubles for products it had

received by the end of 2017, representing 92% of the outstanding debt owed to OMKB by
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purchasers. Raduga’s debt was far less, 76.9 million rubles, and is insufficient to explain the

substantial increase in accounts payable seen over the 2015 - 2017 period.”®

9.4. JleduTopckas 3a10/2KeHHOCTD (ThIC. py0.). /lHHAMHKA 32 nMocjeAHHe TPH roaa

Buj1 1e0UTOPCKO# 3210/ I2KEHHOCTH 31.12.2015 31.12.2016 31.12.2017
3a10JKEHHOCTb NOKYynaTesiei 1 3aKa3uuKoB 196 565,00 834 309,00 1 068 223,00

This spike in debt is indicative of a large purchase from Novator and allows for rough
estimates to be made regarding annual purchase quantities. Precise calculations are infeasible, as
there is no indication across the reports concerning when or by whom specific amounts of debts
to OMKB were generated; all that is known is the outstanding balance owed to OMKB, which
could have been incurred over a series of years. However, there is reason to believe that Novator
consistently generated a large share of the total outstanding debt issued for a given year; OMKB
designates it is one of its two primary customers, and the cumulative yearly growth in accounts
receivable from 2015 to 2017 is smaller than Novator’s debt. Assuming, therefore, that Novator
was consistently responsible for generating 92% of the total outstanding debt held by OMKB for
a given year, and that all Novator’s engine purchases were financed, the following inflation-
adjusted production figures can be derived: in 2016, OMKB delivered 328 engines, while in
2017 it delivered 116, for an average of 222 units per year.”” Further information is unavailable,
as earlier annual reports do not break down accounts receivable by the amount owed to OMKB

by its customers.

Engine production rates can also be estimated using revenue. OMKB is known to have
achieved-serial rate production of its 37-series engines by 2016, including presumably, those
used by Novator, given its share of the total debt. Although no evidence regarding an identifiable
cause exists, OMKB’s 2016 revenue increased by 56% (1,027,327,000 rubles) compared to its
2015 results, outpacing a 7% national inflation rate. Anecdotal evidence suggests that 2016 was

when Russia’s leaders began to procure more Kalibrs, after some had been expended in Syria, as

78. Of the subcontractors to OMKB who owe it funds in repayment for an advance to purchase materials, the three
largest debtors were OMashKB (102.2 million rubles), Lepse (76.9 million rubles), and VSIMPO-AVISMA (44
million rubles).

79. "Russian Inflation, 2011 - 2016," InflationTool, accessed 2022, 04/14/2022,
https://www.inflationtool.com/russian-ruble?amount=1197081 &year1=2011&year2=2016&frequency=yearly.
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public figures cited production statistics beginning that summer. Anatoly Gulaev, the head of
procurement for the MOD, noted in July 2016 that 47 Kalibrs had been delivered in the first half
of the year, while vice-minister Yuri Borisov stated that October that an additional mix of 100
Onyx and Kalibr missiles had been received in the third quarter alone. 3° 8! Additionally, the 2015
report notes that full scale production for Novator products was scheduled to take place from
2016-2017, whereas other customers were scheduled to have their products produced later (e.g.,

2019 - 2020); 37-series engines were the primary product between 2016-2017.

3. «Pa3Butne TPOU3BOJACTBCHHBIX MOL[[HOCTCﬁ, CTPOUTECIBCTBO u TECXHUYECCKOC
nepepoopyxkenne AO “OMKB” B 2016- 2017 rogax ¢ nenbio odecrnedyeHHs NporpaMMbl BBITYCKa
npoaykuuu uist AO “OKbB "Hoatop™»;

Therefore, assuming that costs between variants of the 37-series are equal (as suggested
by the 2013 report) and that sales of these engines are exclusively responsible for the 2016

revenue increase, OMKB would have produced 573 units, adjusted for inflation.
Electronics Analysis:

Studying the procurement documents of an electronics-systems subcontractor to OKB
Novator yields additional insights into Kalibr production rates. NPP Konversia produces
electrical connectors used to create and terminate circuits, including the Kedr and VK/RK - 120

series that it is known to have sold to Novator until at least 2017.

3.12. . U3roToB/IeHHE W NMOCTABKA JJIEKTPOPA3PLIBHBIX COCAHHUTE ICH

i IHB-V1-2-100 «Keap-2».
[To norosopy Ne 485 or 09.11.2012r. ¢ OAO «OKB»Hosatop», r. ExarepunGypr,
M3roTOBJICHO U noctasieHo 60 coennnnreneii «Keap-2».

Per Konversia’s website and its procurement contracts with Novator, these connectors are

intended to be used in military airborne applications:?

80. "BM® P® nomyuun B nepBoM nosryroauu 47 paket "KanuOp" u 72 3eHUTHBIE yIIpaBiIsieMble pakeTs! .
81. "Poccuiicknii paoT momydni 3a Tpu Mecsa 6onee cotHH pakeT «OHuKe» 1 «Kamubp»," Lenta.ru, updated
10/21/2016, 2016, accessed 04/27/2022, https://m.lenta.ru/news/2016/10/21/missiles/.

82. "Contract #31604585629."
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The connectors’ technical specifications indicate that they are designed for an extreme

range of operating conditions, including high g-force loads associated with rocketry. Their

dissimilar appearance further suggests that they are intended to be used within the same rocket

body, although this assertion cannot be validated without access to technical drawings. Versions

of Konversia’s annual reports with specific delivery quantities are available through the 2014

calendar year (amounts are shown in the table below):

Year Type Amount
2011 Kedr-1 20
2011 Kedr-2 50
2014 Kedr-2 60

Additional details concerning production quantities can be found in two procurement

documents from sole-source contracts executed on 09/18/2017 and 10/24/2017. These denote

purchasing agreements at a more granular level than Konversia’s annual report, per the following

table:
Delivery Date Type Amount

Nov-17 Kedr-2 330

Jan-18 Kedr-1 120
Dec-18 Kedr-2 210
Dec-18 Kedr-1 90
Mar-19 Kedr-2 120
Mar-19 Kedr-1 30

The contracts for the Kedr units also include explanatory statements by Novator’s board

detailing their reasons for pursuing a sole-source procurement effort. These documents show that

on September 18, 2017, Novator expressed concern over its ability to meet government-

mandated production deadlines. According to the board, for these to be met, Novator had to
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begin receiving Kedr-2 units in January 2018. Of the two available suppliers, Konversia and a
competitor, Elekon, only Konversia would be able to make the deadline by delivering the first
batch of connectors in November 2017. Conversely, Elekon would have required six months
from the receipt of payment to provide units and quoted a price nearly 15% higher than
Konversia.®? It was therefore agreed to award the contract to Konversia to produce 660 Kedr-2
units; delivery would begin in November 2017 - although their utilization would not occur until
January 2018 - and end in March 2019. A little over a month later, on October 24, 2017,
Novator’s board used similar reasoning to award Konversia another contract to produce 240
Kedr-1 units, also with a final delivery date of March 2019. Both contracts are affiliated with the
same master government order (1719187401382412209017222), indicating that both Kedr-1 and
Kedr-2 units are intended to be used in the same production cycle. This master order was also
used to purchase AMg6M forgings in October 2017, strongly suggesting the connectors’ use in
Kalibr production.

These delivery figures lend themselves to three interpretations concerning the ratio of
Kedr-1 to Kedr-2 units. Given the March 2019 delivery date of 30 and 120 units, respectively, it
may be that each rocket uses them in a 1:4 ratio. However, the data also suggest a procurement
plan that accounted for spares. The December 2018 and 2011 data indicated Kedr-1 to Kedr-2
ratios of 1:2.33 and 1:2.5, respectively, while the ratios for January 2018 utilization and the
overall 2017 contract are both 1:2.75. In all cases, however, Kedr-1 units appear to be
comparatively less utilized. Assuming, therefore, that the Kedr-1 is the more critical component
and that each Kalibr uses one Kedr-1, these data can be used to calculate production estimates. If
the first Kedr-1 units were utilized on Jan 1, 2018, and Konversia was able to produce similar
amounts of connectors in 2019 given the same lead time as in 2017 (one and a half months), then
Kalibr production between January 2018 and March 2019 is approximately 210 units, or

approximately 181 units per year.

83. Konversia and Elekon quoted prices of P211,132,046.69 and P244,480,117.20, respectively
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Kalibr Cost Estimates:

Verifiable official and semi-official information about the unit cost of a Kalibr is almost
entirely unavailable. The most authoritative source regarding this figure is MOD spokesman
General Igor Konashchenkov, who responded in August 2016 to a July article published that
same year in the magazine /ndependent Military Review claiming that 44 missiles cost
approximately USD41 billion in 2015 terms. General Konashchenkov disputed these figures,
stating: "This would make the price of one Kalibr missile equal to almost USDI1 billion. Even to
the average man in the street, who is far-removed from the business of the defense industry, it
would be obvious to see the stupidity of this amount. The estimates for the cost of these Kalibr
missiles in this article are not only several tens or hundreds of times over-stated, but thousands of
times too high.”8* This rebuttal suggests that the maximum per-missile price, in 2015 dollars,
was no greater than USD1 million. It must be noted, however, that the article to which General
Konashchenkov referred to, cites, by roughly converting Tomahawk launch costs to rubles, a
total cost of $41.85 million for the launch of the 44 missiles (for a unit cost of approximately

$951,000 in 2015 terms.) °

Lower boundaries for the Kalibr’s cost can be established by comparing its comparable
subsystems- in this case, the avionics, to known costs for the Tomahawk missiles. Previous
analysis in this paper has, very roughly, suggested an approximately 9% difference in cost
between each system’s avionics. If that amount represents an average cost difference between the
two weapons, this information, coupled with a 2015 per-unit Tomahawk cost of $1,092,000,
suggests that each Kalibr cost approximately $993,720. This estimate is closely aligned with
those of other experts, who offer per-unit launch cost figures ranging from $750,000-$900,000,
in 2016 dollars, and with the upper limit indicated by General Konashchenkov.3¢ Therefore, if

84. Reuben F Johnson, "Russian MoD slams published numbers on Kalibr missile pricing," in Janes's Defence
Weekly (08/05/2016, Fort Lauderdale: Jane's Group UK, 02/22/2022 2016).
https://customer.janes.com/Janes/Display/jdw62744-jdw-2016.

85. Bmagumup I'yanapos, "[loarona paboTs! n 1Ba yaca BOHHBI O0OIIIHCE IOYTH B TPH MIJUTHapAa pyosnei,"
(HezaBucumas I'azera: HezaBucumoe Boernoe O6o3penue, 07/22/2016 2016). https://nvo.ng.ru/nvoevents/2016-07-
22/2 news220716.html.

86. AuroH baes, "Ckonbko cromn rog BorHbL," (Wayback Machine), 09/30/2016 2016,
https://web.archive.org/web/20200810150635/https://www.rbc.ru/newspaper/2016/10/03/57ebb7199a7947db5bb2b
309.
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Novator’s revenue is assumed to be solely derived from the sale of Kalibrs, its publicly available
data indicate that it produced approximately 415 units in 2019. However, this figure does not
account for the significant rise in production costs between 2014 and 2019, which, according to
Novator’s own data rose 69% over the period, far outpacing a 6.6% average inflation rate.®’
Although some of the rise in Novator’s cost of goods is attributable to an increase in purchases,
experts have long noted that the 2014 post-Crimean invasion sanctions affected Russia’s defense
industry, leading to costly import-substitution efforts. 3¢ 8 While specific figures regarding costs
are unavailable, it is likely that the increased cost of critical subcomponents was passed on to the

Russian government, resulting in fewer units produced than simple projections suggest.
Estimate Integration:

Kalibr production estimates vary based on the method and data used. Under the most
unrealistic assumptions, which assume a subcontractor’s revenue to be exclusively derived from
a single source, and an unlimited production capacity of all other critical subcomponents, the
Russian military could expect an output of between 329 - 573 missiles per year in 2015 and
2016, respectively, indicated by the delivery of guidance systems and engines. The lower range
of estimates, based on analysis of aluminum tube procurement, suggests that Kalibr production
in late 2015 ranged between 135 - 346 missiles per year. Averaging the derived figures from

across five approaches results in an average output of 290 Kalibrs per year since 2015.%°

Despite the wide range of estimates, the derived average annual production capacity is
within around 1% of the figure given by the most specific available evidence - that of OMKB’s
2017 annual report stating that 37-series engine throughput was limited to 293 units per year.

Accordingly, even with an implausible test stand uptime rate of 95%, Novator would not be able

87. "OtuetHocTh opranmsanuu AO "OKB "Hosatop"," (List-Org, 03/30/2022 2019). https://www list-
org.com/company/14089/report.

88. S. V. Novikov, V. V. Lastochkina, and A. D. Solodova, "Import substitution in the industrial sector: analysis and
facts," IOP Conference Series: Materials Science and Engineering 537, no. 4 (2019/05/01 2019),
https://doi.org/10.1088/1757-899x/537/4/042056, http://dx.doi.org/10.1088/1757-899X/537/4/042056.

89. M. Russell and European Parliament. Directorate-General for Parliamentary Research Services, Russia's Armed
Forces: Reforms and Challenges : In-depth Analysis, European Parliamentary Research Service (2015), 16,

https://www.europarl.europa.eu/thinktank/en/document/EPRS IDA(2015)554213.
90 329+135+346+157+300+316+293+328+116+573+181+415 = 28991
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to obtain more than 350 Kalibr engines per year. Recent modernizations to this equipment,
conducted in early 2021, indicate that its electrical components were replaced, and are expected
to have an uptime of 83% (20 hours per day), approximating the designated uptime of 80%
indicated in the 2017 report.”! Unless Kalibr engine production has been distributed among other
companies, or additional testing facilities have been constructed, recent production rates are

likely to be similar to those in 2017.

Hepeqenb 3aMacHEIX JacTeH

1. ITepedens 3anacHEIX 9acTed H HX 00BEM.

HaumeHoBaHHe 3anIaCHEIX 9acTeH

aBJI
. TexHHTecKad XapaKTEpHCTHKA

HoMHEHATEHEIH BEIXOZHO#H IIOCTOAHHEIA TOK, A

> HoMHEHATEHOE EEIXOJHOE HANPSKEHHE MOCTOIHHOTO
~ |Toxa B

:
5 Astomowmax
Jlon. opraHsl JHCTAHIIHOHHOTO YIIPABIEHHA 2 pHemHHX NHQPOREIX MaHETH
YIpaBIeHHA C BOZMOKHOCTEIO IPy0OoH
(mar se bonee 25 0b/MuH C
HOrPEeNIHOCTEIO He bonee 4%) u ToIHOH
(mar se 6onee 0.5 0b6/MuH
[OrpenrHoCTEIO He bonee 5%)
PETYIHPOEKOH 00OpPOTOE Eala
neHraTend, HaaEKaEa «CeTs»,

TounocTs perypoEksa 0b6opoToE
PesxuM mycka

'a)
MaxkcumansHOe BpeMs HENPepLIBHOH paboTs!
10 20 gacoe
3IEKTPOJBHTATENA IOCTOSHHOIO TOKA B CYTKH
1

1
SIEKTPOAEHTATEIICH IIOCTOAHHOI'O TOK4, INT.
KoMMmyTanma Mexay HCOOIB3yEeMBIME
SIEKTPOABHTATEAMHE NOCTOAHHOI'O TOKA

Cpe, eeB eMs1 paboTEI OHOTO IEKTPOJABHTATENH B -
permee xp P s CTPORE 500 gacoe
O

Annual output estimates of 290-350 missiles are higher than those indicated by Russian

officials. On April 12, 2019, for example, Defense minister Sergei Shoigu stated that 48 Kalibrs
had been accepted by the Russian military since the beginning of the year, corresponding to an

annual rate of 177 units, a decrease from the 240 units that he implied could have been produced

91. "Contract #32009809527 ", (3akynku.py, 03/30/2022).
https://zakupki.gov.ru/epz/order/notice/notice223/common-info.html?noticeInfold=12057083.



33

in 2017. 92 % Although it is possible that Russian officials deliberately obfuscated Kalibr
deliveries, or that the media omitted relevant details (the 2017 statement references only missile
deliveries to the Navy, and not the other military branches, for example), the analysis of open-
source materials demonstrates that such figures are probably within the reach of Russia’s

industrial capacity.

Discussion:

OKB Novator appears to be capable of manufacturing at least 300 Kalibr missiles per
year, with an upper limit of approximately 350. Based on known Russian expenditures of
precision-guided munitions in the Ukrainian conflict (including, but not limited to Kalibrs), such
quantities appear to be insufficient for operational military purposes. Ukrainian forces have
continued fighting despite strikes on government facilities and infrastructure, and, as of the time
of this writing, appear to be mounting counteroffensives and regaining lost territory. >+ %> %
Russian PGM stocks may already be strained; U.S. defense officials reported on March 21, 2022
that “...we do think that they are beginning to face some inventory issues with precision-guided
munitions, which is one reason why you're seeing the increasing use of what we would call dumb
bombs, and we've also seen them suffer failures of some of their precision-guided munitions,

where it -- they're just not -- they're not operating. They're not -- they're -- they're failing. Either

they're failing to launch or they're failing to hit the target, or they're failing to explode on contact.

92. ITaBen Hactun, "Hloiiry Ha3Ban konmdecTBo pakeT «KamuOpy», mocTynuBmmx B Bokcka ¢ Hadana 2019 roga,"
(TVZvezda, 04/12/2019 2019). https://tvzvezda.ru/news/20194121232-ebxdY.html.

93. Eprennii Kamrokos, "BM® Poccun nomyqnn emte 60 kpputatbix paket «Kammopy»," (Wayback Machine:
Pocouzneckoncantunr: PBK & The Internet Archive, 07/26/2017 2017).
https://web.archive.org/web/20200901193837/https://www.rbc.ru/society/26/07/2017/59786f6b9a7947ca0d79ec68.

Shoigu stated that 60 had been delivered in the second quarter.

94. @Osinttechnical, "Mykolaiv, a camera captured a Kalibr hitting the regional administration building," (Twitter,
2022).

95. "Russia says it destroyed fuel depot outside Kyiv in missile strike," Thomson Reuters, updated 03/25/2022,
2022, accessed 03/30/2022, 2022, https://www.reuters.com/world/russia-says-it-destroyed-fuel-depot-outside-kyiv-
missile-strike-2022-03-25/.

% Kateryna Stepanenko, Karolina Hird, and Mason Clark, "Russian Offensive Campaign Assessment, April 25,"
Ukraine Conflict Updates, Institute for the Study of War & American Enterprise Institute 04/25/2022, 2022,
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So we're seeing them have some struggles with respect to precision-guided munitions.” °7

Although the Ukraine conflict is not a suitable case for analyzing Russia or the West’s
theories of strategic deterrence, the inability of PGMs to determine the outcome of the conflict
suggests that Alexander Yermakov and Dmitry Stefanovich were correct in doubting the utility
of these weapons as instruments of punishment. Referring to Western expenditures of cruise
missiles in several Middle Eastern countries, they write: “If hundreds or even thousands of
missiles were not enough to force a third-world country to surrender (not to mention the many
thousands of airstrikes that were carried out at the same time), then how many are needed to
deliver unacceptable damage to a major military power? Or to a bloc of powers that Russia needs
to deter first and foremost. You can doubt the decisiveness of the European members of NATO
all you like, but if the desire to build up forces to deter the adversary using non-nuclear means is
declared, then an unimaginable number of such weapons would be needed.”® Presently, Russia’s
reliance on cruise missiles in Ukraine, which has increased as it has lost territory it initially
seized, suggests that its leaders have resolved the theoretical debate between utilizing PGMs as

both deterrent and warfighting tools in favor of the latter. °° 1%°

Although it is impossible to discern at this time whether this operational shift reflects a
longer-term doctrinal adjustment, its implications must be analyzed within the context of
Russia’s military industrial capacity. This paper has suggested that Russia cannot produce an
“unimaginable number” of the weapon arguably best suited to the task of non-nuclear deterrence.
Instead, the Kalibr can probably only be produced at a rate of around 300 per year. For context, a
1982 RAND study examining the acquisition process for the cruise missiles that eventually
became the Tomahawk and Air-Launched Cruise Missile (ALCM) noted that American military

planners anticipated needing a production rate of 10 cruise missile engines per day in 1977. 19!

97. Unknown, "Senior Defense Official Holds a Background Briefing ", 03/21/2022, 2022,
https://www.defense.gov/News/Transcripts/Transcript/Article/2973395/senior-defense-official-holds-a-background-
briefing/.
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Contemporary U.S. Navy budget documents indicate a much lower production rate of 60-120
Tomahawks per year, which are, in part, purchased to keep production facilities open, although
the stated annual maximum output of Tomahawks is 450 units per year.'%? The U.S. Navy likely
feels comfortable with a smaller actual annual production output compared to the Kalibr program
because over 8,000 Tomahawks have been purchased since their first use in the Gulf War, while

Russia has had insufficient time to establish a comparable stockpile.!??

Systemic challenges facing the Russian defense industry likely similarly constrain the
production rate of other PGMs and have contributed to their operational failures in Ukraine.!%
Many firms struggle financially, with low profit margins, and cannot adequately invest in
production capacity. ' OMKB, for example, wrote in 2015 that “the difficult financial and
economic situation in Russia negatively affected the pace of production capacity modernization
programs, reducing them to a minimum...There are currently no sources of funding for capital
investments...”!% A year earlier, a tender issued by Novator for upgrades to its machining
facilities noted that over 55% of its equipment used for making Kalibrs was over 20 years old,
while only 9.3% was under 5.1%7 Others struggle to attract qualified personnel.!%® 1% Some
sectoral corporate leaders have also noted the dampening effects of purely bureaucratic issues on
output; Novator’s general director, Farid Habibulovich Abrahmanov, stated at a 2018 meeting of

the Union of Mechanical Engineers that he had been forced to create a new division to deal with

102. Weapons Procurement, Navy - Justification Book FY 2022, 45 - 46 (Washington, D.C.: Office of Budget,
Financial Management and Comptroller, 2021).

103. The U.S. Navy’s FY2016 budget request book noted that “Procurement of new missiles has been suspended
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Justification Book FY 2016, (Washington, D.C.: Office of Budget, Financial Management and Comptroller, 2015).
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the “18-20” legal issues related to R&D efforts per month brought by various prosecutors’
offices.!'” In a July, 2019 interview, vice-minister Yuri Borisov, who oversees the defense
industry, noted that military contractors (including Novator’s parent firm, Almaz-Antey) were
often living “hand-to-mouth” because of a high debt load that was eventually restructured. !!! 112
13 Western sanctions imposed after Russia’s annexation of Crimea further harmed its PGM
development efforts by forcing it to domestically rebuild, at high cost, the facilities needed to
manufacture previously imported critical subcomponents, including those used in cruise missiles.
114 115 New sanctions and the withdrawal of Western firms from Russia will exacerbate existing
challenges in acquiring, maintaining, and replacing necessary machine tools and
microelectronics. Many defense companies, including Novator, rely on newly-inaccessible
Western technologies. Siemens, for example, maker of the Sinumerik-line of CNC controllers
used by Novator, has halted its business in Russia, as has DMG Mori, which makes machine
tools used by OMKB. !¢ 17 Field analysis of Russian cruise missiles launched in Ukraine has
revealed Russia’s heavy reliance on Western-manufactured subcomponents for its precision

munitions, while Russia’s only tank manufacturer, Uralvagonzavod, has ostensibly halted
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production for lack of parts. 18 11

Strategically, Russia’s comparatively limited stock of Kalibrs exacerbates its fear-
inducement challenges by complicating its targeting policies. Recall that Russia’s development
of precision-guided munitions was partially motivated by the flexibility such weapons afford in
delivering dosed, or “assigned” damage that could psychologically compel an adversary to seek a
negotiated settlement before the employment of nuclear weapons. The fewer PGMs Russia
possess, the greater its incentive to strike countervalue targets, and critical ones within that set
(such as nuclear plants, dams, or substations), at the beginning of a conflict with the missiles
allocated for deterrence purposes.'?? Doing so, however, would likely lead to more severe
escalation from its adversaries than if it had targeted lower value units, undermining the missiles’
utility as a deterrent. Russia could instead use PGMs to target low value units, but the
comparatively limited damage that any single (or even grouped) cruise missile strike can inflict,
along with its constrained production capacity, heightens the chance that its adversary will
perceive a subsequent conventional strike on an equally valuable target as less credible because it
knows that Russia would feel pressured to strike increasingly valuable targets up the escalation
ladder to the nuclear threshold as it depletes its munition stocks. This case is a “conventionally”-
modified version of the “magazine depth problem”, with the roles of Russia and the United

States reversed:

The first debate is between risk manipulation and escalation dominance as the guiding
approach to nuclear coercion. In this case, adopting a small number of PGMs to provide
limited conventional options against the U.S. in the event it uses PGMs first represents a
partial shift away from the former and toward the latter. Because Washington possesses
a much larger and more diverse inventory of PGMs, however, major gaps in the
escalation ladder still remain. Under these conditions, it is less likely that the U.S. would
overreact to an ambiguous Russian reprisal by launching an all-out nuclear assault and
more likely that it would persist with limited conventional attacks. In other words, when
it comes to changes in Russian force structure, the most significant issue is not a warhead
discrimination problem but a magazine depth problem. If so, Russia would soon find

118. Howard Altman, "Sanctions Are Strangling Russia’s Weapons Supply Chain," The Warzone, 04/18/2022 2022,
https://www.thedrive.com/the-war-zone/sanctions-are-strangling-russias-weapons-supply-
chain.https://www.thedrive.com/the-war-zone/sanctions-are-strangling-russias-weapons-supply-chain

119. Jack Watling and Nick Reynolds, Operation Z: The Death Throes of an Imperial Delusion RUSI (04/22/2022
2022), 10, https://rusi.org/explore-our-research/publications/special-resources/operation-z-death-throes-imperial-
delusion.

120. Andrei Afanas’evich Kokoshin, "Strategic nuclear and nonnuclear deterrence: Modern priorities," Herald of the
Russian Academy of Sciences 84, no. 2 (2014): 65, https://doi.org/10.1134/s101933161402004x.



38

itself in the very position it hoped to avoid: debating whether or not to employ [nuclear]
weapons in response to nonstrategic conventional attacks.” (3) '?! [changes to the
original text are in bold]

Accordingly, in this scenario, Russia’s limited precision strike capabilities enhance the
credibility of its nuclear threats issued after the outbreak of conflict because its adversaries know
that it has few means for imposing existential costs on its adversary’s civilian population short of
using nuclear weapons. Ironically, this empirical finding contravenes the theoretical impetus
behind Russia’s development of PGMs by reinforcing the centrality of nuclear arms to its
strategic deterrence strategy. Thus, while a relatively limited Kalibr stockpile provides Russia an
expanded target set and flexibility in “assigning damage” in the pre-nuclear phase of conflict, the
availability of these choices may inadvertently hasten the escalation of a conflict by incentivizing

countervalue strikes. 22

In practice, the analysis of Russia’s Kalibr output and use suggests that nuclear weapons

will remain “complementary” to precision-guided munitions as means of attaining strategic

123

deterrence for the foreseeable future. = Its stocks of PGMs are likely insufficient to coerce the

U.S. or the other leading military powers in NATO, and will probably doctrinally remain

121. Evan Braden Montgomery, "Posturing for great power competition: Identifying coercion problems in U.S.
nuclear policy," Journal of Strategic Studies (2021): 3, https://doi.org/10.1080/01402390.2021.1886932.

Original text:

The first debate is between risk manipulation and escalation dominance as the guiding approach to nuclear coercion.
In this case, adopting a small number of nonstrategic weapons to provide limited nuclear options against Russia in
the event it uses nuclear weapons first represents a partial shift away from the former and toward the latter. Because
Moscow possesses a much larger and more diverse inventory of nonstrategic nuclear forces, however, major gaps in
the escalation ladder still remain. Under these conditions, it is less likely that Russia would overreact to an
ambiguous U.S. reprisal by launching an all-out nuclear assault and more likely that it would persist with limited
nuclear attacks. In other words, when it comes to changes in U.S. force structure, the most significant issue is not a
warhead discrimination problem but a magazine depth problem. If so, the United States would soon find itself in the
very position it hoped to avoid: debating whether or not to employ strategic nuclear weapons in response to
nonstrategic nuclear attacks. (3)
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instruments of warfighting, whose utility stems from their use, rather than fear-inducement
capabilities. Based on the Russian government’s rhetoric and acquisition patterns (to include the
purchase of PGMs), the Russian military has seemingly grown to accept the view that escalatory
dynamics between nuclear armed states are manageable.!?* If true, then its procurement of
Kalibrs and other sophisticated PGMs has expanded its set of options in the escalation ladder but

created new theoretical and practical gaps in its nuclear strategy.

Appendix:

1. Seeker Head Calculations:
Average Dollar-Ruble exchange rate, December 2015: 70.0163129 USD/RUB
Average cost of an apartment in Reutov’s secondary market, July 13, 2015: P§8,016,264
Estimated seeker head cost, in Rubles: 8,016,264 * 2 = P16,032,528
Seeker head cost, in Dollars = 16,032,538 / 70.0163129 = $228,982.89
Sum of contracts not likely to involve avionics-related work:

e P596,640,670 + P112,686,880 + P44,136,220 + £20,000,000 = P773,463,770
2015 NPP Radar revenue unassociated with a source:

e P6,049,760,000 - P773,463,770 = P5,276,296,230
Estimated annual seeker head production rate:

e P5,276,296,230 / P16,032,529 = 329.0944

2. Rocket Body Calculations:

The per-meter weight of each tube was calculated using an online resource that uses the
pipe’s outer diameter, wall thickness, and density according to the following formula: weight = n
* density * wall thickness *(diameter - wall thickness). The density of AMg6 and AMg6M alloys
is the same, 2,640 KG/M"3.

The weight of a single tube of the dimensions given in each order was derived by

multiplying its per-meter weight by its length. The number of tubes in each order was found by

124. Montgomery, "Posturing for great power competition: Identifying coercion problems in U.S. nuclear policy."
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deriving the weight of the order, in kilograms, by total weight of a single tube.

Example:
A line item in contract number 31604585629 denotes the purchase of 56,700 KGs of 560
x 35 x 8250mm AMg6M tubes.

The weight of each meter of tube is T X 2 X .035 X (.560 — .035) = 152.398659626
Accordingly, each 8.25m tube weighs 1,257.2889419145 KG.

56,700

The total number of tubes ordered in the line item is ————
1,257.2889419145

(KG) = 49.0970

tubes.

Forging Weight Conversion:

Because the contract does not specify the dimensions of the forgings or their intended
use, the most common tube dimension, 560 x 35 x 8250mm is used as a standard measure of a

rocket body’s mass, 1,257.29175 KG.

The December 29 contract indicates that a total of 133,840 KGs of forgings, equivalent to
106 rocket bodies, were to be delivered by April 30, 2017. These figures indicated a daily

aluminum processing rate of .8654 casing-equivalent units, or 316 per year.

3. Engine Calculations:

Estimating Engine Output by Debt:

The unit cost of a 37-series engine in 2011 terms is 1,197,081.05 rubles. Adjusted solely
for inflation, each engine cost 1,790,544.31 rubles in 2016and 1,856,497.22 rubles in 2017. '

OMKB’s accounts receivable grew by 637,744,000 and £233,914,000 in 2016 and 2017,

respectively. If Novator was consistently responsible for 92% of each year’s increase, it would

637744000x0.92 .. 233914000x0.92
————— = 327.6793 units in 2016 and ————— =
1.79054431 x106 1.85649722 x106

115.9176 units in 2017

have purchased at least

125. "Russian Inflation, 2011 - 2016."
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Estimating Engine Output by Revenue:

2015 Revenue: P1,831,397,000

2016 Revenue: P2,858,724,000

2015 - 2016 revenue difference and percent change: £1,027,327,000 (56.0953%)

1027327000%0.92
1.79054431 X106

2016 engine output: = 573.7512

1027327000/(1.79054431x1076) = 573.7512 units

4. Electrical Connector Calculations:

For the connectors identified in the contracts, the earliest possible utilization date for the
Kedr-1 units is January 1, 2018, while the latest known date is Feb 28, 2019 (a day before the
final batch of 30 units was to be delivered). This is a 423-day difference, during which time 210
Kedr-1 units are believed to have been utilized. If each Kalibr requires a single Kedr-1

connector, Novator’s annual output is 210/423x365 = 181.2056 missiles per year.

5. Financial Analysis Calculations:

Average USD/ RUB exchange rate in 2015: 61.2252 126

Estimated 2015 Kalibr cost in rubles: 1,092,000 X 61.2252 = 66,857,918.4 rubles
Estimated 2019 Kalibr cost, solely adjusted for inflation: 79,750,732.05 rubles 27
Novator 2019 Revenue: 33,124,600,000 rubles. '8

33,124,600,000

Estimated 2019 Kalibr output:
79,750,732.05

= 415.3516 units per year

126. "US Dollar to Russian Rouble Spot Exchange Rates for 2015," (Exchange Rates UK, 04/03/2020 2015).
https://www.exchangerates.org.uk/USD-RUB-spot-exchange-rates-history-2015.html.

127. "Russian Inflation, 2015 - 2019," InflationTool, accessed 2022, 04/14/2022,
https://www.inflationtool.com/russian-ruble?amount=66857918&year1=2015&year2=2019&frequency=yearly.
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